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PREFACE 


Perhaps  the  major  factor  limiting  the  effectiveness  of  a  military  flight  mission  is  whether  the 
aircraft  or  weapon  in  question  reached  its  geographical  goal  correctly.  In  this  sense,  the.  acquisition 
of  a  physical  target  by  the  use  of  aircrew  vision  could  become  a  crucial  issue.  Vision  is,  after  all* 
our  only  relevant  sensor  for  distant  objects,  and  human  vision  is  a  complex  and  elegant  sense  which 
currently  defies  replacement  by  any  machine  capability. 

With  target  characteristics  given  (including  size,  shape,  luminance  and  surround  and/or  lead-in 
features)  visual  target  acquisition  from  aircraft  is  a  process  affected  by  many  factors,  which  may  for 
convenience  be  broken  down  into  physical  and  biological  ones.  Physical  parameters,  governing  the 
transmission  of  light  from  the  target  and  surround  to  the  eye,  are  adequately  understandable  and 
measurable,  although  they  can,  taken  together,  form  a  forbiddingly  complex  body  of  factors.  They 
include  time  of  day  and  year,  and  geographical  location;  on  these  depend  foliage  and  ground  cover, 
sun  or  moon  angle,  weather,  visibility  effects  due  to  the  atmosphere,  and  similar  parameters.  Aircraft 
height,  speed,  navigation  accuracy,  external  view  and  occupancy  similarly  determine  what  chances  of 
seeing  all  or  part  of  the  target  the  aircrew  have,  and  aircraft  height,  in  particular,  interacts  with 
geography  to  determine  whether  a  target  is  screened  by  its  surroundings  or  not.  A  third  conglomerate 
of  physical  factors  might  be  concerned  with  technical  aids  to  vision,  and  could  introduce  two  major 
complications,  image  quality  (from  TV  or  infra-red  scanning  equipment  for  example)  and  image  size 
(often,  the  magnification-field  of  view  compromise  inherent  in,  for  example,  binocular  sights). 

Biological  factors,  governing  the  transmission  of  information  from  &ye  via  brain  to  motor  act, 
are  not  nearly  so  readily  specifiable  and  emphatically  not  30  easily  measurable.  Just  a9  things 
physical  can  seem  after  a  few  inspections  commonplace  and  stable,  so  things  biological  seem  to  need 
their  very  variety  and  variability  to  survive.  A  human  obgerver  is  firstly  an  individual,  then  a 
statistical  member  of  a  group;  an  aircrewman  looking  for  or  at  a  ground  carpet  is  no  exception  to  this 
generalization.  Nevertheless,  one  can  list  a  range  of  phys ielogical  optics  and  psychological  titles 
which  seem  to  refer  to  relevant  and  useful  dimensions.  In  the  first  group  come  scatic  and  dynamic 
visual  acuity,  colour  vision,  and  the  ideas  necessary  to  describe  eye  movement  behaviour.  In  the 
cecwnd  group  come  pre-mission  briefing,  experience  and  skill,  which  surely  interact  with  each  other, 
and  dimensions  related  to  competing  tasks  and  decision  style.  Many  features  and  events  apparently 
compete  for  an  aircrewman 's  attention,  notably  navigation  and  flying  control  duties  on  the  one  hand 
and  distractions  associated  with  concern  for  one's  safety  and  survival  on  the  other.  It  is  known  chat 
individuals  differ  substantially  in  attentional  capacity  and  its  allocation.  As  to  decision  style, 
it  may  be  illustrative  to  consider  the  caricature  of  a  19th  Century  military  man  who  knows  next  to 
nothing  and  commits  it  dogmatically  to  several  volumes,  and  the  caricature  of  a  19th  Century  scientict 
who  3pends  over  50  years  collecting  all  the  data  he  can  and  never  utters  an  assured  word.  Somewhere 
between  extremes  like  these  may  lie  the  normal  population  of  adults  from  which  aircrew  are  selected 
to  perform  visual  target  acquisition  tasks. 


Dr.  Jo  H.F.  Huddleston 

(Programme  Organizer  and  Proceedings  Editor) 
Royal  Aircraft  Establishment, 

Farnborough,  Hampshire,  U.K. 
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TECHNICAL  EVALUATION 


An  examination  of  data  on  the  value  of  a  jingle  visual  glimpse  in  acquiring  a  target  supports 
the  expected  view  that  the  foveal  performance  of  the  eye  is  the  primary  determining  factor.  An 
adequate  description  of  foveal  performance  has  been  found  to  match  up  with  much  acquisition  data,  the 
description  at  the  moment  being  simply  in  terms  of  the  optics  of  the  aye  Ians  and  tht  resolution  and 
geometric  layout  of  receptors  in  the  fovea,  plus  a  simple  factor  to  represent  the  blurring  and 
restorative  properties  of  microminiature  eye  movements.  It  does  not  seem  too  cumbersome  to  work  towards 
the  inclusion  of  peripheral  detection,  accoomodation,  and  pupil  behaviour  as  factors  in  the  foreseeable 
future,  when  it  is  expected  that  the  likelihood  of  aingle  glimpse  acquisition  of  a  wide  range  of  visual 
stimuli  may  be  adequately  described  mathematically.  This  description  should  then  represent  a  general 
model  of  the  performance  of  the  basic  visual  lobe, 

To  model  the  eye's  searching  behaviour,  that  is  to  describe  how  this  single  glimpse  visual  lobe 
is  direcced  from  one  pert  to  another  of  a  visual  field  to  be  searched,  turns  out  to  be  rather  less 
successful  currently.  A  good  fit  to  target  acquisition  data  is  not  always  achieved  on  the  simple 
assumption  that  aingle  glimpse  detection  performance  is  summed  over  a  aeries  of  randomly  aimed  glimpses. 
On  occasion,  however,  such  random  search  descriptions  fit  laboratory  data  and,  to  a  lesser  extent, 
field  data  quite  well.  Hope  for  wider  prediction  of  operational  performance  in  the  future  lies  in 
discovering  how  search  is  structured  or  biassed.  One  encouraging  model  assumes  that  the  eye  evaluates 
Che  search  field  peripherally  for  target-like  objects,  and  directs  foveal  regard  to  them  preferentially. 
(In  passing,  one  may  note  that  peripheral  acuity  does  not  seem  to  change  with  viewing  distance). 
Nonetheless,  the  degradation  of  some  components  of  laboratory  performance  to  match  up  with  those  of 
field  performance  still  requires  arbitrary  factors  in  the  mathematics  describing  the  acquisition,  and 
these  factors  vary  from  experiment  to  experiment  even  when  target  luminance  values  are  taken  into 
account  or  controlled.  Target-wi thin-background  relations  are  particularly  troubleaonE  in  thi9  context. 
It  can  be  said,  however,  that  the  vagaries  of  visual  search  have  very  gret.  authority  in  thu  deter¬ 
mination  of  acquisition  performance,  and  techniques  to  eliminate  or  structure  search  would  bring 
handsome  practical  benefits. 

Research  is  progressing  slowly  on  the  question  of  how  observers  make  use  of  differences  between 
target  and  non-target  stimuli,  a  ■r.coably  complete  account  can  be  give.,  of  discriminations  based  on 
contrast  or  size  differences  and  differences  in  detailed  shape  when  these  parameters  are  taken  singly, 
but  these  fsetors  may  have  been  examined  as  ,:uch  for  reasons  of  experimental  convenience  as  for  reasons 
of  practical  importance.  It  is  strongly  suspected  that  some  total  description  of  luminance  edges  and 
gradients  throughout  the  entire  search  field  will  have  to  be  added  before  adequate  modelling  of  the 
acquisition  of  real  targets  in  real  backgrounds  can  be  expected.  A  conjoint  prediction  from  quantified 
eize,  shape,  and  pattern  of  light  and  shade  seems  seme  way  away,  and  would  still  omit  many  factors 
(colour,  for  example,  which  assumes  greater  importance  for  objects  nearer  the  airborne  observer  than 
those  currently  being  examined). 

Ic  transpires  that  earlier  formulations  describing  the  visibility  of  briefly-exposed  point  light 
sources  have  been  in  considerable  factual  error.  Continuing  studies  suggest  that  lengthening  the 
exposure  time  may  permit  the  use  of  lower  source  luminances  than  were  previously  thought  to  be 
effective.  As  to  target  illumination  by  flares,  shielding  of  these  high  intensity  sources  from  an 
observer's  direct  gaze,  and  using  mere  than  2  to  cover  a  given  terrain  strip,  were  found  to  have 
surprisingly  little  effect  on  observer  performance.  There  is,  however,  an  iufjortant  interaction 
between  flare  height  plus  terrain  slant  range  (to  the  observer)  and  observer  height,  indicating  a 
preferred  height  band  for  an  observer  required  to  search  illuminated  terrain. 

Leaving  light  sources  and  flare  illumination  aside,  night  operations  raxing  use  of  ambient  light 
or  heat  energy  for  target  acquisition  depend  for  their  effectiveness  or.  technical  aids  to  vision  auch 
aa  low-light  rv  or  infra-red  scanning  systems.  There  is  some  work  in  hand  on  the  calculation  of  flight 
paths  yielding  maximum  coverage  by  appropriate  airborne  sensora  of  the  terrain  of  interest,  and  this 
will  probably  have  to  proceed  on  a  piece-meal,  route-specific  basis.  Requirements  imposed  by  human 
vision  on  the  display  of  auch  sensor  data  turn  out  to  be  quite  rigorous,  and  point  to  considerable 
weight  penalties  incurred  by  carrying  such  technical  aids.  Although  design  engineers  would  probably 
welcome  firmer  and  more  representative  data  on  human  perception  of  line-scan  display  surfaces,  such 
data  seem  hardly  likely  to  ease  their  equipment  problem  much  since  one  can  hardly  hope  for  the  limits 
of  visual  performance  themselves  to  be  radically  changed  by  research.  Ae  to  marking  an  acquired 
target  by  aiming  the  head,  however,  more  knowledge  is  certainly  required.  In  particular,  the 
interactions  between  body,  head  and  eye  movements,  and  the  effects  of  retinal  disparity,  cannot  be 
adequately  described  at  present,  and  a  better  description  is  needed  to  allow  design  specification  of 
helmet-mounted  aids. 

A  major  hindrance  to  applied  work  continues  to  be  observer  variety  and  variation,  which  conspire 
to  make  repeated  measurements  on  a  number  of  individuals  an  absolute  pre-requisite  of  reliable  research. 
Some  few  workers  have  tried  to  understand  perceptual  differences  between  individuals  in  terms  of 
psychophyaicil  phenomena  "higher”  than,  aay,  visual  acuity,  but  their  attempt*  have  been  largely 
thwarted.  Comp lementari ly ,  observers  have  been  asked  to  state  what  target  and  background  features 
they  believe  make  a  given  acquisition  task  easy  or  difficult,  but  the  initial  outcome  has  hardly  been 
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helpful,  Although  conaiderable  refinement  of  thle  technique  la  poaelble.  Comperleone  between  pre- 
flight  briefing  meterlele  cen,  however,  be  made  with  aoma  confidence,  end  tend  to  euggeet  that  the 
appearance  of  target  and  background  faaturea  cannot  be  adequately  Inferred  from  mepe  of  the  area,  but 
can  be  well  undefetood  from  oblique  view  dlagrama  approximating  to  forward-looking  aerial  photographed 
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THE  LIKELIHOOD  OF  LOOKING  AT  A  TARGET 


by 

Charles  P,  Greening,  Ph,  D, 
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SUMMARY 

Visual  search  behavior  Is  characterised  by  brief  glimpses  of  the  terrain,  separated  by  rapid  eye 
movements,  or  saccades.  The  likelihood  of  looking  at  a  target  with  any  particular  glimpse  Is,  In  most  models  of 
eearoh  behavior,  assumed  to  result  from  either  random  motion  or  a  mechanically  systematic  search  pattern. 

In  the  present  study,  It  Is  assumed  that  the  observer  uses  cxtra-fovcal  vision  to  evaluate  the  terrain  before 
each  eacoade,  to  maximise  the  likelihood  of  looking  at  the  target.  Quantitative  data  on  extra-foveal  search,  obtained 
In  a  different  context  by  Williams,  show  that  such  behavior  Is  lawful  and  predictable.  The  results  are  here  applied  to 
dynamic  air-to-ground  search,  yielding  target  acquisition  predictions  which  compare  favorably  with  those  obtained  by 
other  methods, 

THE  PROBLEM 

Moat  tactical  surveillance  and  attack  systems  depend,  for  their  successful  employment,  upon  the  detection 
of  a  target  by  an  observer.  Tactical  targets  typically  occur  In  somewhat  cluttered  surroundings,  thus  complicating 
the  deteatlon  problem.  Whether  the  detection  is  made  by  direct  visual  search  of  the  terrain,  or  Indirectly  through 
use  of  a  sensor/dlsplay  system,  the  observer  must  somehow  reject  the  clutter  and  detect  the  right  object,  subjeot  to 
verification.  The  quantitative  prediction  of  the  effects  of  the  confusion  objects  upon  the  search  and  demotion  process 
has  proven  to  be  difficult. 

EXISTING  APPROACHES  TO  THE  PROBLEM 

it  Is  generally  acknowledged  that  an  observer  searches  a  lleld-of-vlew  In  a  series  of  saccadic  movements. 
The  relatively  small  area  of  most  distinct  vision,  or  the  foveal  region,  moves  from  place  to  place  over  the  scene, 
remaining  fixed  between  Jumps  for  a  few  tenths  of  a  second.  Very  little  visual  Information  le  received  during  the 
Jumps.  Hence,  the  success  of  a  search  effort  depends  upon  the  appropriate  placement  of  the  area  of  distinct  vision 
during  the  pauses,  or  glimpses.  The  probability  of  looking  at  the  target  foveally  with  any  particular  glimpse  depends, 
at  least  In  part,  upon  the  si va  of  the  area  helng  searched,  the  presumed  area  of  "distinct  vision",  and  the  method  of 
distributing  the  glimpses. 

Usually  the  problem  has  been  attacked  by  assigning  a  definable  limit  to  the  area  of  distinct  vision  (or 
detection  lobo),  and  then  assuming  that  this  area,  or  aperture,  is  moved  ellher  systematically,  or  randomly,  or  some 
combination,  over  the  area  to  be  searched.  1,2,3  The  presence  and  characteristics  of  the  non-target  objects  In  the 
search  field  are  presumed  to  affect  the  search  performance  by  lengthening  the  glimpses,3  or  by  modifying  the 
effective  search  rate  by  a  "congeetlon  factor",* 

AN  ALTERNATIVE  APPROACH 

The  approach  to  the  problem  suggested  here  rests  on  the  assumption  that  the  glimpse  pattern  of  the  observer 
Is  dependent  directly  upon  the  appearance  of  target-Uke  objects  in  the  peripheral  visual  field.  Limited  eye-movement 
data  collected  during  dynamic  search  appear  to  confirm  this  assunipt'en.  When  observers  were  looking  for  a  missile 
site  In  a  forest  clearing,  for  example,  more  than  four-fifths  of  their  eye  fixations  fell  In  clearings  or  breaks  In  the 
forest.  It  would  seem  that  this  kind  of  performance  could  occur  only  If  the  peripheral  view  from  each  fixation  provided 
enough  Information  to  guide  the  next  saccado  to  a  clearing. 

A  method  of  testing  this  assumption  more  fully  was  suggested  by  data  obtained  by  Williams4  In  his  eye- 
movement  research  on  consplculty  of  symbols  for  command  and  control  displays.  He  found  that  it  was  possible  to 
establish  quantitative  relationships  between  the  "targetnees"  of  the  displayed  non-target  Images  and  the  likelihood  of 
looking  at  them  when  looking  for  the  target.  For  example,  if  the  target  Image  was  a  gray  square  one-half  Inch  on  a 
side,  he  found  that  other  Images  on  the  display  were  looked  at  less  and  less  frequently  as  they  departed  from  grayness, 
or  squareness,  or  half-lnch-ness.  Furthermore,  these  probability  gradients  were  remarkably  consistent  In  slope  as 
the  target  wae  varied  along  any  one  dimension.  Williams  was  able,  after  hts  experiments,  to  state  than  an  object 
two-thlrda  as  large  as  the  target  will  attract  the  attention  of  the  observer  as  often  as  an  object  four  Munsell  hue  units 
different  from  the  target,  or  as  an  object  one  Munsell  value  unit  lighter  or  darker.  Williams  data  were  obtained  with 
well-defined,  nonsense  objects  In  a  static  display.  The  relevance  of  the  findings  io  the  Bearch  for  real-world  targets 
In  a  dynamic  Held  Is  not  obvious.  However,  a  preliminary  study  performed  at  Autonetlcs  Indicates  that  the  method 
la  promising.  That  study  will  be  described  In  relation  to  other,  previously  published  work, 

VALIDATION  OF  A  VISUAL  SEARCH  MODEL 

One  method  of  predicting  target  search  and  detection  perform&i  e  has  been  through  the  use  of  search 
models.  An  Important  olass  of  models,  based  upon  the  PRC  model  of  1957, 6  computes  the  expected  probability  of 
detecting  the  target  In  a  particular  "glimpse"  as  the  product  of  PL  (the  probability  of  looking  at  the  target),  and  PR 
(the  probability  of  resolving  tho  target).  The  lutter  la  almost  purely  an  optlcal/physlologlca!  phenomenon  and  has 
been  described  on  the  basis  of  existing  data  and  laws  of  physics.  The  probability  of  looking  at  the  target,  however, 
has  been  much  less  tractable. 
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Th«  "glimpse  modal"  used  Id  studies  at  North  Amerloan  Rockwell,  and  a  reoeat  experimental  validation 
atudy,  have  been  deeorlbed  in  aome  detail  elsewhere.6  Briefly,  the  model  (see  Eq.  1)  yields  a  cumulative  probability 
of  target  detection  ae  a  funotlon  of  decreasing  range,  at  the  observer  approaches  the  target  area. 

•Poum<V  *  1  ’  TT  (l  -  PL(J>PR<i>)  <» 

]  -  k  '  ' 

wherei 


x  *  horizontal  distance  from  observer  to  target  along  the  ground  track 

PL  •  probability  of  looking  at  (with  foveal  vision)  the  target 

PR  »  probability  of  resolving  (seeing  well  enough  tu  recognize)  the  target 

k  “an  Integer  such  that  x^  >  the  minimum  visual  range,  ae  established 
by  fleld-of-vlew  limitations 

N  “an  integer  suoh  that  x„  >  the  maximum  visual  range,  beyond  which 
detection  Is  Impossible.- 


The  model,  ae  expressed,  will  yield  a  curve  cf  cumulative  probability  as  i  function  of  range  for  any  set  of 
target,  background,  flight  geometry,  atmospheric  and  observer  parameters.  The  computed  curve  can  then  be  compared 
directly  with  the  results  obtained  In  the  field  or  In  a  simulation,  provided  all  the  necessary  parameters  oan  be 
determined.  (See  Figure  1. ) 

In  the  published  study  referred  to  aboveb,  all  parameters  involved  in  Pn  '  ere  measured  In  the  couree  of  a 
dynamic,  olnomatlc  simulation  using  35  mm  color  motion  pl&tures  obtained  from  nlghtn  over  varied  Southern  California 
terrain.  The  values  of  PL  lu  that  atudy  were  obtained  by  having  Judges  view  still  photos  of  the  target  area  under 
standardized  conditions,  and  estimate  the  number  of  target-like  areas  in  the  fleld-of-vlew. 


THE  PRELIMINARY  STUDY 


The  preliminary  study  using  the  new  method  of  estimating  PL  was  based  on  the  earlier,  published  work.  No 
new  simulation  data  were  taken,  but  the  computer  model  was  re-run  for  each  target,  using  the  new  values  of  P^.  In 
this  preliminary  study,  a  series  of  still  photos  of  saencs  used  In  the  earlier  target  acquisition  study  was  the  basis  for 
the  application  of  the  WUliams  findings  to  real-world  searoh. 

As  a  first  step  In  the  attempt  to  apply  the  Williams  "probability  gradients"  to  the  detection  process,  the 
existing  target  photos  were  re-examined.  It  was  Immediately  evident  that,  at  the  ranges  at  whloh  detection  normally 
oocurred,  distinctive  hue  differences  were  almost  non-existent.  Consequently  hue  was  not  considered  In  this 
validation  attempt  -  only  site  and  value, 


Figure  1.  Computed  and  Measured  Probability  of  Recognition  for  Target  No.  103  -  Four  Silos 
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Figure  2  Is  a  ekotchod  representation  of  all  the  readily  discernible  objeote  In  one  of  the  target  photographs 
(Target  #103),  Each  of  these  objects  was  measured  for  width  and  height  of  Image,  and  was  given  a  value  rating  by 
comparing  with  a  set  of  Munsell  ohlps.  in  the  case  of  targets  with  substantial  vertical  oxtent  such  as  buildings,  the 
else  comparison  was  made  using  whichever  dimension  of  the  confusion  object  differed  most  widely  from  the 
corresponding  dimension  of  the  target.  This  choice  was  made  because  there  were  many  objects  in  eome  of  the  fields 
whose  shape  was  radically  different  from  the  target  (e.g, ,  smoke  stack  when  the  target  was  a  budding).  For  such 
oases,  It  did  not  appear  that  the  confusion  object  attracted  notice,  even  though  Its  height  might  be  Identical  with  the 
height  of  the  building. 

The  probability  figures  for  the  various  objects  in  the  field  were  computed  ae  follows:  Flret,  the  probability 
associated  with  the  target  sire  and  target  value  were  both  arbitrarily  set  to  1, 0.  Next,  for  each  confusion  object,  a 
probability  value  was  read  from  the  corresponding  probability  gradient  presented  In  Williams'  paper.  Examples  are 
shown  In  Figure  3. 

For  example,  If  an  object  In  the  fleld-of-vlew  was  just  as  high  as  the  target  and  one-half  as  wide,  the 
probability  value  associated  with  this  object  due  to  Its  site  can  be  seen  to  be  .22,  Similarly,  If  thte  object  is  found  to 
be  one-half  Munsell  value  unit  darker  than  the  target,  Its  probability  value  due  to  that  parameter  can  be  read  from  the 
appropriate  curve  as  .77.  The  combined  probability  for  each  non-target  object  was  obtained  by  multiplying  the  size 
and  value  numbers  together  (see  Table  1  for  a  sample  set  of  numbers). 


Object  site 
Target  site 


Figure  3,  Dlecrlmlnatlon  Gradients  (from  Ref.  4) 
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Table  1.  Computation  of  for  Target  #103 


PL  = 


1 


1  +  1.10 


=  .48 


Object 

Size  (mm) 

81 

Value  (Munsell) 

^1_ 

Stxv, 

Target 

2.5  x  1 

1.0 

2.5 

1.0 

1.0 

1 

4  x  1,5 

.35 

3.5 

.50 

.17 

2 

12  x  1.0 

.06 

3.5 

.50 

.03 

3 

12  x  1.0 

.06 

7.0 

0 

0 

4 

2.  5  x  .  5 

.20 

2.0 

.75 

.15 

5 

5x4 

.07 

3.5 

.50 

.03 

6 

10  x  2 

.07 

3.0 

.75 

.05 

7 

3.5  x  2 

.20 

3.6 

.50 

.10 

8 

3x2 

.20 

2.0 

.75 

.15 

9 

1  x  1 

.16 

4.0 

.30 

.05 

10 

4x1 

.35 

2.5 

1.0 

.35 

11 

10  x  .5 

.07 

4.0 

.30 

.02 

I  <8, 

X  V])  = 

1.10  +  1.0 

The  number  obtained  by  adding  the  probability  products  for  all  objects  In  the  field  is  not  useable  In  that 
form.  Consequently,  tho  probability  of  looking  at  the  target  was  normalized  by  the  use  of: 


1  + 


N 

I 


1  =  1 

where:  b(  Is  the  relative  fixation  rate  due  to  size  difference 
le  the  relative  fixation  rate  due  to  value  difference 
N  Is  total  number  of  measured  objects  In  the  field 

For  the  remaining  targets,  PL  was  computed  by  the  method  outlined  above.  The  detection  and  recognition  model  was 
then  exercised  using  the  new  values  of  PL  with  all  other  values  identical  to  those  used  In  Reference  6. 

The  new  method  of  computing  did  not,  In  general,  change  the  fit  dramatically  from  that  achieved  in  the 
earlier  study.  The  major  effect  was  one  of  making  the  slope  of  the  curve  steeper  and  Increasing  slightly  the  median 
recognition  range.  Qualitative  judgement  on  the  curve-fitting  of  the  data  In  the  27  cases  shows  that  approximately  11 
were  Improved,  8  made  worse,  and  8  Indeterminate.  The  median  recognition  ranges  from  the  model,  with  the  revised 
method  of  computing  P^,  can  be  compared  with  the  experimental  values  by  computing  the  mean  of  the  medians,  and  by 
computing  a  product-moment  correlation.  Figure  4  shows  a  scatter  plot  of  median  recognition  ranges  obtained  from 
the  model  and  from  the  simulator  experiment.  The  correlation  Is  .  51  for  these  two  sets  of  medians.  Th:-  mean  value 
of  the  medians  Is  3994  ft.  from  the  model,  and  4190  ft.  from  the  simulator  data  -  a  difference  of  only  4.7  percent. 
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Median  -  Computed 


Figure  4.  Scatter  Plot  of  Median  Recognition  Ranges  from  Experimental 
Data  and  from  Computer  Model 
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DISCU3S1CN 


Dr  Frick  (US) 

In  Figure  I  of  your  piper,  shoving  cumulative  probability  against  range,  is  time  implied  in  any 

way? 

Dr  Greening  (US) 

Only  insofar  as  time  is  tied  in  with  decreasing  range,  that  is  there  it  a  controlled  speed  of  air¬ 
craft  approach.  The  model  therefore  has  s  controlled  movement  speed  from  the  simulation. 

Mr  Oveiington  (UK) 

Ir  your  probability  function  graphs,  ia  there  any  attempt  to  account  for  diatance  away  from 
fixation  point? 

Dr  Greening  (US) 

Yes;  implicitly  in  the  way  the  data  were  arrived  at.  You  will  find  more  in  Williams'  writings 

which  sre  referenced  in  my  paper.  There  ia  a  distance  function  in  there. 

Mr  Overington  (UK) 

I  have  the  impression  thac  these  data  were  from  highly  supra-threshold ,  highly  contrasting  targets. 
If  so,  chey  would  refer  to  highly  conspicuous  target  and  target-confuaible  objects  in  the  scene,  as 
opposed  to  poor  visibility  low  contrast  situations. 

Dr  Greening  (US) 

Yea.  That  assumption  was  made  and  borne  out  by  the  data.  Objects  in  the  real  world  sre  rarely 
squired  near  threahold  values;  one  is  not  generally  pressing  the  operator  hard. 

'  Overington  (UK) 

My  experience  doesn't  always  confirm  that  finding. 

Mr  Ericson  (US) 

Subjects'  expectations,  due  to  briefing  and  repeated  crisis,  were  probcbly  accurate.  Did  you 
somehow  try  to  sec  up  the  same  fulfilled-expectation-sicuation  in  your  real  world  task? 

Dr  Greening  (US) 

Yea,  in  the  sense  that  part  of  our  briefing  data  was  a  photograph  of  the  target  from  the  sir 
(but  not  identical  to  the  actual  target  run  view).  So  they  did  see  target-in-ground  as  part  of  their 
concept.  Williams'  people  did  have  an  image  of  the  target  right  in  front  of  them. 
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mir.CM.Tnr.  OF  R1SDCM  HUMAN  VI SOIL  search  perjqBMIKCE 
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by 
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British  Aircraft  Corporation  Lid.  (B.A.C.) 
Guided  Weapons  Division 
P.0.  Box  77 
Filton  House 
Bristol  B399  7AE 
United  Kingdom. 


SUMMARY 


The  physical  properties  of  the  aye  lens  and  retina  together  with  the 
involuntary  eye  movements  (tremor  and  drift)  are  considered  aa  the  baeio 
factors  defining  single  glimpse  detection  probability-  Coupling  of  data 
oanoeming  these  with  simple  probability  theories  of  information  transmission 
from  eye  to  brain  via  neural  networks  allows  ncourate  prediction  of 
several  seta  of  basic  laboratory  threshold  data. 

Introduction  of  the  oonoept  of  convolution  of  object  profiles  with 
the  spread  funotion  of  the  eye  lens  allows  extension  of  auoh  single  glimpse 
predictions  to  unsharp  objeota.  The  effeota  of  atmospheric  attenuation 
and  range  dependancy  of  subtended  size  may  also  be  introduced  at  this  stage. 
Using  this  comprehensive  formula  for  single  glimpse  probability  as  an  input 
a  cumulative  search  probability  model  la  developed  for  random  eearoh  whioh 
takes  account  of  eearoh  field  of  vise,  visual  lobs  effects  and  the 
transition  from  single  glimpse  to  multiple  glimpse  situation  at  any  part  of 
the  field  of  view. 


SYMBOLS 


Ae^M 

b 

C 

Co 

d 

D 

I 

m 

M 

n 

no 

n« 

N 

pf 

P» 


h 

h 


Maximum  gradient  of  the  luminance  profile  across  the  edge  of  an  object  of  Interest. 


Maximum  of  the  absolute  line  spread  funotion  of  the  human  eye. 

Sky/ground  luminance  ratio. 

t  object  luminance  , 
surround  luminanoe 

Intrinsic  contrast  (with  no  atmospheric  attenuation). 


Angular  subtense  of  the  diameter  of  a  circle  of  equivalent  area  to  the  object  of  Interest. 

Linear  diameter  of  the  equivalent  circle. 

Field  luminance. 

Humber  of  '  jpseo. 

Magnification. 

Number  of  foveau  retinal  reoeptora  along  a  luminance  oontour. 

L . citing  number  of  foveal  retinal  receptors  around  the  contour  of  the  image  of  a  'point'  objeot. 
Number  of  reoeptora  along  an  imagu  luminanoe  oontour  at  0  degrees  from  the  fovea. 


Number  of  overlaid  glimpses. 

Fovaal  single  glimpse  probability. 


Single  glimpse  probability  in  a  search  situation. 

Viewing  range.  _  2 

Number  of  separate  glimpse  positions  ( 6^  ) 

Mean  glimpse  time. 

Search  time  for  50£  probability  of  acquisition. 


Closing  velocity. 

Cumulative  foveal  probability  when  N  — ♦  o©  , 


Cumulative  probability  in  m  glimpses. 


Cumulative  probability  in  N  overlaid  glimpses. 


1  -  veiling  glare. 

Angle  off  fovea  in  degrees. 
Radius  of  visual  lobe. 


Radius  of  search  field. 


Atmospheric  attenuation  coefficient. 


1 .  INTRODUCTION 


Modelling  of  random  visual  search  performance  is  normally  carried  out  on  an  empirical  basis  by 
attempting  to  couple  together  eets  of  basio  deteotion  threshold  data  suoh  as  those  relating  to  foveal 
detection  performance  and  relative  peripheral  performance,  due  allowances  being  made  where  appropriate 
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for  such  items  as  magnification(if  an  optical  aid  is  used)  and  atmoapherlo  attenuation.  This  prooeee 

cannot  usually  alio*  for  suoh  factors  as  image  quality  and,  if  one  inspects  the  various  literature  on 

detection  thresholds,  oust  be  highly  dependant  on  whioh  threshold  data  are  used  as  a  starting  point, 

A  multiplicity  o"  threshold  data  have  been  oompared  by  levies  (Kef.l)  who  shows  that  the  contrast 

thresholds  for  a  given  size  of  target  vary  by  10  i  1  bate,  er.  experimenters. 

Impetus  was  giver,  to  researoh  at  B.A.h.  to  attempt  to  put  suoh  modelling  on  a  firmer  foundation  by 
results  of  a  number  of  highly  controlled  field  trials  involving  acquisition  of  aircraft  through  visual 
aids.  Although  not  an  air  to  ground  exeroise  suoh  trials  provided  an  ideal  controlled  situation  for 
studying  random  search  and  it  is  considered  by  the  author  that  any  findings  are  equally  applicable  to 
air  to  ground  viewing  in  truly  random  oearch  situations.  That  most  air/ground  situations  involvt 
structured  search  te  another  matter  and  is  beyond  the  aoope  of  the  present  paper.  However,  the  basic 
modelling  ooncepts  developed  herein  may  possibly  be  extended  to  encompass  definable  structured  search. 

The  results  of  the  above  field  trials,  whilst  being  highly  self  consistent,  were  markedly  inferior 
to  expectations.  Since  it  was  known  that  the  U.T.F.  'a  of  the  vieual  aide  used  were  relatively  poor  the 
burning  question  to  resolve  was  'Is  the  inferior  perforoanoe  oompared  to  that  predicted  due  to  inaocurate 
modelling  of  search,  incorreot  assumptions  from  input  threshold  data  or  the  qusdity  of  the  visual  aid?'. 

In  order  to  answer  this  question  a  much  fuller  and  better  understood  modelling  of  the  acquisition  process 
was  required  than  had  hitherto  been  used. 

Now  a  model  of  foveal  detection  performance  for  extended  objects  at  a  fixed  field  luminance  had 
been  developed  at  B.A.C.  based  on  the  physical  properties  of  the  human  eye  (ilef,2),  With  this  model  it 
had  boen  shewn  possible  to  predict  accurately  a  variety  of  laboratory  threshold  data  available  from 
literature  including  H.H.  Blackwell's  limited  search  and  infinite  viewing  time  experiments  involving 
detection  of  dieo  targets  (lief, 3),  the  experiments  concerning  the  effects  of  Mpect  ratio  on  the  deteotion 
threshold  of  rectangles  by  Lamar  et  al  (Ref. 4)  and  the  effect  of  defocua  blur  on  thresholds  of  simple 
stimuli  studied  by  Ogle  (Ref. 5).  The  present  paper  shows  how  this  model  may  be  extended  to  cover 
peripheral.  performance  and  point  objects  and  how  image  quality,  atmospheric  effects,  stimulus  growth  and 
overlaying  of  glimpses  may  be  included  in  one  relatively  simple  mathematical  formula.  B|y  coupling 
this  formula  with  a  cumulative  probability  function  it  1b  then  pcaeible  to  model  any  random  search 
situation.  Since  the  model  is  a  relatively  simple  formula  it  is  easy  to  assess  the  sensitivity  of 
acquisition  performance  and  the  cumulative  probability  function  to  the  various  parameters. 

2.  THE  BASIC  FOVEAL  MODEL 


As  a  starting  point  it  is  necessary  to  onsider  the  fundamental  relationship  between  available 
visual  stimulus  and  sensation  produced  for  simple  shaped,  extended  objects  m  plain  fields.  Thic  is 
given  in  Ref. 2  as 


log 


e 


f(K2  ♦  K^)C  ♦  1* 

L  K3C  +  1  - 


-  Krf(n)  ♦  S 


(1) 


where  K,,  ie  a  retinal  inage  edge  profile  elope  constant  whioh  le  dependant  on  the  spread  function  of 

the  eye  lens  together  with  blur  introduced  by  image  motion  associated  with  involuntary  eye 
tremor  and  drift. 


K3  ie  an  image  positional  constant. 

K.|  and  &  are  constanto  associated  with  population  sample,  Held  luminance  and  probability  level 
at  whioh  a  decision  is  made  as  to  the  existence  of  an  object. 

C  ie  the  contrast  of  the  object  against  it's  background. 

f(n)  ie  a  function  of  the  number  of  retinal  receptors  (n)  lying  along  the  image  contour. 


For  naked  eye  viewing  K2  and  may  be  determined  from  measured  data  for  the  average  aye. 

H .B.  In  reference  2  the  formula  is  stated  in  terms  of  log...  rather  than  log  with  obvious  implications 
on  the  values  of  K1  and  S  quoted  there  and  used  here.  3inoe  the  ultimate  Intontion  is  to  model  random 

search,  which  oust  be  an  accumulation  of  single  glimpse  data,  the  main  interest  ouet  initially  lie  in  on 
appropriate  form  of  Eq  (l)  for  single  glimpses.  Then,  from  Ref, 2,  we  may  write 


l0«f. 


'(K2  ♦  K^)C  *1]  K, 

K,C  ♦  1  J  *  Jn(n  -  1) 


(2) 


where  f(n)  -  V, 


i»(n  -  1) 


ie  the  reciprocal  of  the  product  of  n(n  -  1)  possible  comparisons  between  signal 


channels  at  deep  neural  level  and  a  / neural  noise  factor  (see  Ref. 2  for  dieouseion  end  explanation 

of  this).  For  foveal  naked  eye  viewing  of  simple,  sharp  edged  objects  in  plain  fields  this  is  fully 
definitive  where  the  dimensions  are  in  excess  of  5  minutes  of  arc  subtense  at  the  eye.  For  smaller 
objects  it  is  necessary  to  develop  a  correction  formula.  The  effects  of  complex  shapes,  although 
significant ,  don't  appear  to  be  enormous  (Ref. 6)  and  for  the  purpose  of  this  paper  they  will  be  ignored, 
the  size  being  always  considered  in  terms  of  an  equivalent  circle.  For  specific  definable  complex 
shapes,  and  in  particular  for  line  features,  it  will  be  seen  possible  to  develop  alternative  forme  of  the 
basic  equations. 


15 


r 

i 

i 


B2-3 

How  with  refsrsnae  to  Eq  (2)  the  following  observation#  may  be  aide  for  a  field  eituationi- 

(l)  C  will  in  general  be  a  funotion  of  viewing  range,  prevailing  visibility  end  lntrineio  target 

contrast  C  . 

0 

(ii)  n  oan  be  defined  in  terns  of  linear  objeot  diaensions  end  viewing  range. 

(iii)  Viewing  range  itself  oan,  in  the  most  general  cose,  be  defined  in  terms  of  rate  of  ohange  of 
object  distance  and  observation  time, 

(iv)  K.  will  be  a  oonetant  for  foveal  viewing  at  fixed  field  luainanoe.  It  will,  however,  be  a 
funotion  of  angle  off  optical  axis  (o.f.Ref.7)  for  peripheral  viewing,  and  of  field  luainanoe. 

(v)  S,  being  a  constant  assooisted  with  the  minimal  signal  required  at  the  brain  for  a  decision  to  be 
mode,  will  in  general  be  a  oonstont  for  a  fixed  level  of  motivation  but  should  vary  with 
motivation. 

(vi)  K j  may  be  considered  a  oonstont  undsr  most  conditions. 

(vii)  K„  will  be  governed  by  the  imaging  properties  of  the  eye  lens  and  the  edge  quality  of  the  input 
stimulus.  For  viewing  through  visual  olds  and/or  turbulent  atmosphere  the  effective  value  muet 
be  factored  to  allow  for  the  optical  quality  of  the  visual  aid  and/or  atmosphere. 

Thus,  for  approximate  prodictions  of  the  single  glimpse  situation  in  the  field  it  ia  neoeaaary  to 
derive  a  correction  for  email  eize,  and  to  define  C  and  n  in  terms  of  viewing  range,  in  terms  Of 
optical  quality  and  K1  in  terms  of  viewing  angle. 

3.  EXTENSIONS  OF  THE  TO  VEIL  MODEL 


3.1.  The  Small  Size  Domain 


For  small  cbject  dimensions  there  la  a  gradual  transition,  for  naked  eye  viewing,  from  the  basic 
function 


a 


r(K  ♦  K,)c  ♦  1  -| 

lQ6e  L  K-C“h - J  '  VfW  *  S 

a ion a  >  5  minutes  of  axo  subtense  to 

Hk'  ♦K')d2.C*l'] 

l0«e  '2 - *  Krf(no) 

«L  K  .d  . C  ♦  1  J  1  0 


(3) 


for  both  dimensions  less  than  0.6  minutes  of  arc  where  the  object  is  effeotively  a  point. 

t  t 

Hers  Kg  and  K.  axe  new  slope  and  position  constants  associated  with  the  point  spread  funotion  of  the 
imaging  system  (including  the  eye  Ians}. 

d  is  the  angular  subtense  of  the  diameter  of  the  equivalent  olrolt  (mins.  aro). 

n  Is  a  limiting  number  of  retinal  reoeptors  associated  with  the  image  'oontour1  of  a  point  objeot. 
o 

These  two  formulae  and  the  transition  range  cer.  be  approximated  by 


f(K  +  K  )B  ♦  1  I 

lo«e  |_  '  X,B "e"”i - J  "  Vf(n)  *  S 


(4) 


where 


2  2 

oC  . d  ,C 


(«*4.d4  ♦  l)1 


at  being  a  constant  whioh  effeotively  defines  the  region  of  transition  (on  the  size  axis)  from  Eq  (l)  to 
Eq  (3).  It  has  a  value  of  approximately  0.6  for  naked  eye  viewing. 


Also  n  can  be  represented  by 

n  ■ 5,2  (i r  ♦  0*  ♦  ^ 


(5) 


this  being  an  approximation  to  give  the  oorreot  funotion  (approx.)  for  n  at  large  radii  (  >  1.2*  arc) 
(where  n«*2.8o1T(r  ♦  O.35)  )  (Raf.l)  and  at  small  radii  (<0.3'  aro)  (where  no«e  9). 

For  moat  purposes  It  is  considered  adequate  and  convenient  to  use  a  simpler  approximation  for  n  where 

n  .  9/2  U2  *  4)*. 

Putting  all  the  above  into  a  form  of  Eq  (2)  containing  only  contrast  and  eize  we  gvti- 

^  I  v  *  ~  I  •  Pn  o  1  1  e  c  +  ^ 


'(K2  +  K,)B  *  1‘ 

K1 

K^B  ♦  1 

'  (%< d2  .  ,)ij 

16 


or 


(6) 


n 


f(K,  ♦  K^)B*  I"]  K  5 

or  log.  7  r3—-; -  -  - O - 3  ♦  °  . 

•  L  K3B  ♦  1  J  9*55(d2  ♦  4)* 

The  above  Is  approximating  Jn(n  -  l)  in  Eq  (2)  by  n1'^. 

Contrast  snd  Bits  u  Rang*  Funotlons 

Ws  are  nos  ready  to  oonelder  the  Introduction  of  baeio  atnoepherio  effeote  end  d  as  range  funotione. 


How  for  oontraati- 


C  .  C0.exp(-ff’B) 


for  viewing  against  the  horiton  sky  (Ref .0) 


where  CQ  is  the  intrineio  contrast  of  the  object  of  interest, 

&  is  the  atmospheric  attenuation  coefficient, 

R  is  the  viewing  range. 

Whilst  this  is  not  etriotly  true  for  other  viewing  situations  (e-g-  high  elevation  ground  to  air 
viewing)  it  was  considered  an  adequate  approximation  for  modelling  the  acquisition  process  for  low  flying 
airoraft  and  as  such  was  used  to  oheok  out  the  model  predictions  against  field  trials  results. 

For  air  to  ground  viewing  a  more  complex  formula 


0  .  Co  [l  -  b(l  -  axp(O’B)  )]  -1 


must  be  used  for  the  general  oaae  where  b  is  the  so  oallad  'sky/ground  luminance  ratio'  (Rsf-9)-  In  oaaes 
where  the  luminance  of  the  target  background  approximates  to  that  of  the  horizon  aky  £q  (8)  approximates 


where  the  luminance  of  the  target  background  approximates  to  that  of  the  horizon  aky  Eq  (8)  approximates 
to  Eq  (7). 

H.B.  Equations  (7)  and  (8)  both  assume  a  homogeneous  atmosphere,  and  diffuse  target  and  background 
eurfaoee,  assumptions  which  themselves  aan  -ead  to  certain  problems  ir,  a  praotical  field  situation  (Ref.lO). 

Also  d  . 

where  D  is  the  linear  diameter  of  the  equivalent  object  circle  in  metres. 

A  Is  the  range  In  Km. 
d  is  in  minutes  of  aro. 

Then  we  may  write,  from  Eq  (6) 


f(K  ♦  K  )B  ♦  1  1 

l0«eL-  Kj*  1 - J  " 


(236D2  ♦  80R2)^ 


where  B.  °~ 36- (3-44)  .D  .C0.exp(-«rR)  _  d.25  8  .Co.exp(- .rR)  for  ground/air  viewing 

fo.13.(3.44)4.D4  +  H4]*  (18  D4  ♦  H4)* 


or,  more  generally,  B  - 


4.25  D  .f(CQ) 
(18  D4  ♦  R4}* 


The  above  ia  a  semi-rigorous  definition  of  the  situation  for  naked  eye  viewing  (i.e-  assuming  it  it 
permissible  to  ignore  shape  effects). 


3.3"  Unsharp  Objects 

It  may  be  that,  Instead  of  the  objeot  of  Interest  presenting  a  good,  sharp  luminanoe  discontinuity 
to  the  eye,  the  change  of  luminanoa  across  the  edge  of  the  objeot  is  gradual  (’unsharp1).  This  situation 
can  arise  in  simulation  or  can  be  due  to  viewing  through  imperfect  visual  aids,  to  oertaln  forms  of 
atmoapherla  turbulanos  or  to  fins  shape  structure  on  the  objeot  whioh  ie  unresolved  by  the  eye  as  dlaorete 
detail.  In  any  of  these  cases  the  effeot  can  be  allowed  for  In  modelling  if  the  effective  luminance 
profile  as  presented  to  the  eye  oan  be  specified.  For  large  objeote  (>10'  aro)  all  that  is  neoessary 
ie  to  convolute  the  luminanoe  profile  of  the  objeot  F(x)  with  the  effective  line  spread  function  of  the 
eyeie(x).  r<0 

i.e.  Image  profile  G(  x)  -/f(x-  fMt(J).d|  . (io) 

-to 

If  now  G(x)  ia 'differentiated  with  respect  to  x,  x  being  measured  perpendioular  to  the  local  image 
contour  direction,  the  result,  d  G(x)  •  Ap(x),  ie  a  retinal  image  luminance  gradient  function.  The  peak 

value  of  this,  is  thsn  4x  a  measure  of  the  maximum  luminance  gradient  in  the  retinal  image  of  the 

object  F(x).  But  for  viewing  of  'sharp'  objects  the  equivalent  to  the  above  is  the  line  spread  function 
of  the  eye,  Ae(x),  (approximately)  and  similarly  the  maximum,  A^U)^  ie  a  measure  of  the  maximum 

luminance  gradient  in  the  retinal  image  of  a  'sharp'  object.  Thus  the  ratio  (xy  °>ay  be  taken 
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as  4  quality  factor  whioh  must  operate  on  a  in  Bp  (9). 

H.B.  The  absva  ie  only  strictly  trua  for  large  objaota  and  whara  A (x)  is  the  lint  spraad  funotion  of  tha 
aya.  For  small  objaota  (10*  aro  diaaetar  and  lass)  atriotly  speaking  2-dinansional  convolutions  *ith  tha 
point  spraad  function  of  tha  ays  should  ba  used  but  tha  subsequent  differentiation  and  taking  of  tha  ratio 
a ra  identical. 


3.4*  Tha  Aided  Vision  Caae 

For  visaing  through  visual  aids(  in  addition  to  allowing  for  optioal  imaging  quality,  at  must  allow 
for  magnification  and  vailing  glare. 

Magnification  is  taken  cars  of  by  writing  MS  in  plaoa  of  S  in  Eq  (9)  whilst  vailing  glare,  which  ia 
a  softening  of  general  sosne  oontraat,  ia  allowed  for  aimply  by  operating  on  f(0o)  by  a  factory. 

Strictly  ape  iking,  in  addition  there  should  be  a  modification  to  wk  einoe  the  system  point  spread 
funotion  will  be  larger  than  for  the  naked  eye  with  consequent  change  in  the  aiae  range  for  transition 
from  a  'point'  object  to  an  'extended'  objeot.  However,  sinoe  the  change  toad  ie  dependant  on  the  shape 
of  the  system  point  spread  funotion  as  wall  aa  it'a  diamatar,  and  sines  a  ohanga  of  e4  only  has  a  minor 
affeot  on  thrsoholda  of  tha  soallaat  objaota,  it  was  ooneidared  an  excessive  oomplioatlon  to  alloa  for  it 
in  tha  preaant  model. 


3.5,  The  Complete  Foveal  Single  Gllapae  Model 

From  the  above  the  full  equation  foi  single  gllapae  foveel  viewing  may  be  written  out,  visi- 


log 


/k2.AT(x)M 


V 


♦  Kj)  B  4.  1 
__  ^ 


K^fi 


1.5 


(236m2. S2  *  80R2)^ 


(11) 


where  B  > 


4.25M2,02.  1  ,f(Co) 
(ism4!)4  7 a4)* 


3,6.  Visual  Lobes 

To  uoneider  aeeroh  one  must  consider  deteotlon  lobes  end  sxt re- foveal  detaotlon.  This  may  be 
covered  adequately  by  Invoking  different  values  of  n  from  ffatarberg'a  date  on  retinal  reoeptor 
concentration  (Hef.1l),  thereby  providing  a  measure  of  visual  lobe  size  ee  a  funotion  of  range  for  other 
eet  conditions. 


An  adequate  fit  ie  given  by  a  relationship 


“•/ 

•  n 


V  * 

♦  1) 


(unpublished  work  by  E.P.  Levin) 


where  6  ie  the  viewing  angle  considered  measured  in  degrees  from  tha  fovse. 

CVny-5  -  V(  6.  1)°’94  V(  g  +  at  laast  for  smell  valuss  of  0  (<10). 


Hence,  for  determination  of  visual  loba  aiza,  Eq  (ll)  becooeei- 


log  . 

*  L  ZjB  +  1 


K^R1-?  (gft4  1) 
(236M2.E2  4-  60H2)^ 


(12) 


with  B  aa  for  Eq  (ll)  and  whara  9  la  tba  radius  of  tbs  visual  loba  in  dsgrsse,  Eq  (12)  ia  than  tha 
oonplete  aquation  of  vision  for  acquisition  of  slmpla  targets  in  a  simple  background  in  a  single  glimpea 
aubjeot  to  tha  limitations  on  Pages  2  (shape),  4  (atmospheric  attenuation  laws)  and  above. 


4.  SimiFICATICHa  APB  I.TCEaHEFBHDAflCE  OF  VARTABI.Pa 

^.^(x) 


Under  oonditlons 


daylight  viewing  -  it  if 


Then 


/  y’  t'x'M  \  .  , 

where  ^  ^ -  ♦  K3/ B  i*  811(111  (sey^O.1)  -  a  ooomon  situation  for  full 

’  possible  'to  ^simplify  the  left  hand  side  (L.H.S.)  of  Sq  (12)  considerably. 

(~T7^~  *  0  B  +  0  K2-ApWM-B 

\  1  ^  -  y—\—  —  tlno*  log  (x  ♦  l)  for  «&*11  x. 

KB  +  1  J  *e  '*'M  * 


This  leads  to  a  muoh  simpler  equation  to  laepeott  visi- 

4.25K2.4T(x)M.M2.D2.^.f(C0)  *  1? 

A8(x)|t(l8M4,D4  4.  H4)*  (atfM2^2  4.  80R2)* 


(13) 


How  the  L.H.S.  of  Eqa.  (12)  and  (13)  represents  the  average  stimulus  availabls  to  saoh  retinal 
reoeptor  pair  lying  along  tha  image  edge  contour  and  the  right  hand  side  (B.H.S.)  represents  the  stimulus 
required  to  raaah  threshold  at  a  defined  oonfidanoa  level ■ 
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Ths  R.H.S.  oontoine  experimental  oonstantai  range,  angle  off  fovaa,  magnification  and  tar gat  aiaa. 
Henoe,  if  «a  hold  thaaa  oonatant  tha  R.H.S.  baoooaa  a  oonetant  and  at  nay  universally  squats  tha  remaining 
parameters  in  Bq  (13),  (i-a.  0o,  ^  (x)  )•  w&ereuponfc.  f  .djU)^  J  -  oonatant  nay  be 

takan  aa  invariant.  This,  of  oourae,  la  littll  nora  than  a  atatanant  of  tha  Bbvi^ua. 

for  Bq.(l2)  or  (13)  *han  23£K2.D2«<  BOR2  (say  1  ■  20)  than  tha  R.H.S.  becomes  indapendant  of  X  and 
D.  41  so  around  tha  same  oonditian  (tan4.  a  R^)^  baoooaa  nearly  equal  to  R2,  Thua  under  thaaa 

U  TJ  « 

conditions,  i.a.  whara  4  /_  7,  tha  atimulua  aituatlon  bacomaa  much  simplified  and 
lr.5  .f(0o).  Y ^2  ■  oonatant  for  a  given  system  quality  (Riooo'a  Law  for  point  objeote). 

it  tha  other  extreme  whan  236U2.D2  >  BOR2  X  10  Eq  (13)  amplifies  to 


WxVf.ft^)  ki*r1*‘(#.*  1) 

■  60 


"V^M 


Similarly  Eq  (12)  alao  almpliflaa  to 


lo* 


s_'M 


K^B  ♦  1 


+  1)  r 


where  B  -  i( ,  f(CQ). 

Under  thaaa  oonditlona,  in  either  oaaai  if  threshold  ia  designated  by  T, 

K1  M1  *5l>1  *5 


(14) 


05) 


(16) 


which  may  be  taken  aa  a  general  law  for  extended  objects. 


5.  THS  SEiRCH  SITUATION 

To  this  point  all  theory  has  been  applied  to  probability  of  acquisition  in  a  single  glimpse. 

In  a  practical  situation  the  target  will  be  presented  at  some  position  in  a  bounded  search  field  and  tha 
probability  of  dateotlng  it  in  one  glimpse  will  be  related  to  the  size  of  the  prevailing  visual  lobe 
(for  the  instantaneous  atimulua  conditions)  and  the  site  of  the  search  field.  This  will  sleeve  apply 
for  empty  field  eearoh  through  a  visual  aid  with  any  significant  magnification,  even  when  in  a  so  called 
■no  search1  mode,  sinoa  the  eyepieos  field  of  view  of  moat  visual  aide  la  between  J0C  and  50°.  Even  Tor 
naked  eye  viewing  there  is  usually  an  uncertainty  of  position  of  several  degrees,  although  this  may  not 
be  so  in  oertain  wall  briefed  situations.  Thus  the  simple  single  glimpse  probability  defined  by  Eqe(l2) 
and  (13)  is  a  very  inadequate  representation  of  the  complete  acqulultion  prooeas.  However,  it  la  still 
the  basic  input.  What  is  required  1b  a  modelling  of  the  aooumulation  of  probability  of  acquisition  with 
auooeBsive  glimpses  aa  the  stimulus  grows  through  threshold. 


If  a  weighted  search  pattern  and  a  soft-shell  visual  lobe  are  ooneidered  -  the  realistic  praotloal 
case  -  then  the  computation  is  very  oomplex.  Fortunately  it  is  possible  reasonably  to  approximate  the 
visual  lobe  situation  by  defining  a  hard  shell  lobe  aa  the  50 %  single  glimpse  probability  envelope  and 
saying  that  all  targets  within  the  envelope  will  be  detected  and  all  outside  it  will  be  miesed. 
iveraged  over  a  number  of  glimpses  this  should  not  be  seriously  in  error.  If  alao  a  uniform  weighting 
to  search  within  the  field  is  assumed  (a  reasonably  fair  assumption  if  the  observer  has  no  prior 
information  from  whioh  to  structure  hie  search)  it  may  be  shown  that  the  single  glimpse  probability  is 
Slven  by  2  2 

p«  *  *  9^9\)  . (17) 

where  6  ie  the  instantaneous  valua  of  visual  lobe  radius  from  Eq  (12)  using  values  of  K,  and  i 
appropriate  to  50j4  single  glimpse  probability,  and  B f  is  the  radius  of  the  search  field.  1 


Then  the  total  probability  of  dstaotion  in  m  glimpses  will  be 

f  m  ‘  f  ‘  f  (’  *  PgaH  . 08) 

This,  of  oourss,  is  only  a  true  statement  if  ths  glimpses  are  mdependant. 


The  approximation  of  visual  lobes  aa  hard  sbsllB  defined  by  the  503»  probability  contour  is  only 
adequate  when  the  foveal  single  glimpse  probability  of  deteotion  ie  unity.  When  the  foveal  probability 
of  deteotion  is  less  than  unity,  Ba  oust  be  defined  as  the  radius  for  a  probability  of  pf/  and  the  total 


probability  must  be  limited  by  p. 


“where  p^.  ie  the  foveal  single  glimpse  probability. 


V, 


In  this  case  the  single  glimpse  probability  is 

Pf-Pg  •  Pf  V^/By  •  Sc/4  B\)  . 

In  general  the  ouauiative  glimpse  probability  after  m  glimpses  is  given  where 

'  h  *  pfm(l  “  V'PfOL-i)^  *  *g(.-i)>— ■  Pfl(l  -  »gi>  ’  f  M1 

ZVffl 

-  pf  -  r?1  pfr(l  *  pgr)  . 


(19) 


V 


or 


19 


(20) 
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For  a  'no  growth'  etlmulua  situation  p{„  and  p  In  Bq  (SO)  art  constant  and  equal  to  and  p^ 

respectively.  In  ths  oass  where  the  stimulus  Is  growing  through  threshold  fairly  rapidly  It  la  likely 
that  p.  after  several  glimpses  will  be  unity  and  that  ths  only  glimpses  whloh  contribute  significantly  to 
2  arirthoae  where  p.  is  unity.  In  this  oats  3  is  given  by  Bq  (10)  approximately- 

K.B.  If  one  has  not  a  bounded  field  (i>e.  naked  ays  situation),  it  Is  considered  that  no  correction  for 
field  boundary  it  required  and  it  is  then  probably  permissible  to  use  p  •  instead  of  Eq  (17). 


In  order  to  check  on  the  adequaoy  of  parts  of  the  extended  model  of  vision  it  is  necessary  to  find 
controlled  laboratory  data  taken  under  appropriate  oiroumstanoss  against  which  to  make  predictions  in  the 
first  instance.  Now  a  majority  of  laboratory  data  is  neither  true  single  glimpse,  true  random  aearoh  nor 
true  infinite  viewing  time.  However,  three  particular 

aets  of  data  were  considered  appropriate  •  those  of  Stimulus 

J.H.  Taylor  (Ref. 7)  for  single  glimpse  deteotian  of  Diameter 

various  sites  of  objeots  in  peripheral  vision,  those  of  +1  *  (Degrees) 

Krendel  and  godlneky  (Ref. 12)  oonoemed  with  ampty  field 

search  and  Blaokwell'a  infinite  viewing  tima  fovaal  ,  0.017 

deteotian  experiments  (Ref. 3)  for  studying  email  size  * 

effects.  *  0 


6.1.  Peripheral  Vision 

In  order  to  check  the  adequacy  ol  the  extension  of 
the  model  to  peripheral  vision  an  exaroise  was  carried 
out  to  attempt  to  find  one  pair  of  constants  K.  and  <T  , 
which  would  fit  the  whole  range  of  J.H.  Taylor1 'e  data 
obtained  at  a  background  luminance  of  75ft. It  was 
found  that  one  pair  of  aonetante  would  indeed  provide  a 
very  adequate  predlotion  of  these  data  .  K  .  1.1  and 
a  0.0004.  The  predictions  of  Taylor' n  data  using 
these  constants  are  shown  in  fig. 1. 

6.2.  Empty  field  Search 


Krendel  and  Wodinaky'a  data  are  available  as  a 
set  of  mean  Bearoh  times  for  different  combinations  of 
contrast,  size,  field  luminanoe  and  search  ares. 

With  cuoh  a  set  of  data  it  is  preferable  to  work 
baokwards  from  the  set  of  mean  search  times  for 
various  object  sixes  and  contrasts  and  to  compute  a 
set  of  values  of  K  necessary  to  prsdiot  them  by 
assuming  j  is  as  used  previously. 

Now  there  is  a  euspioion  of  wasted  glimpses  for 
small  search  fields  as  found  by  Ehiooh  (Ref.  13).  Also 
all  other  data  for  which  the  model  hod  been  used  as  a 
prodictor  to  date  were  obtained  at  high  photopic  levels. 
Thus  it  was  decided  to  compute  values  of  K^  for  a 
selection  of  objeot  contrasts  and  sizes  at  the  highest 
fiold  luminanoe  tested  by  Krendel  and  Wodineky  and 
with  the  largest  and  smallest  search  areas  studied. 

The  largest  aearoh  area,  having  a  diameter  of  43°,  was 
wall  above  the  aearoh  field  sizes  where  Enooh  found 
si@iifioant  wasted  glimpses  whilst  the  smallest  searoh 
area,  having  a  diameter  of  6.9°,  was  within  the  region 
where  Enooh  found  wasted  glimpses. 

For  any  parti oular  situation  if  we  take  the 
search  time  for  505v  probability  thiB  may  be  related  to 
Eq  (10)  such  that  0.5  «  1  -  (l  -  p  )B  where  m  •  t  (t 
assumed  glimpse  time).  8  *6 
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Fix.  1 .  Prediotians  of  J.H.Tayior's 
Peripheral  Acquisition  Thresholds  using 
B.A.C.  Vision  Theory  with  Constants  derived 
from  Teylor'e  0.25°  Cats. 

»  Taylor's  Data.  O  Predictions. 


searoh  time  for  5Q je  probability!  t  -  mean 

B 


For  this  exercise  a  value  of  0.3  secs,  was  taken  for  t  ,  this  being  the  median  value  ascertained  by 
a  number  of  workers  wno  have  studied  eye  movements.  ® 

Then,  from  this  value  of  p  and  Eq  (17),  one  :an  derive  a  value  of  $  and,  from  Eq  (l2),a  value 
of  K  .  Ths  questions  era  whether  the  values  of  K  for  a  given  search  area  are  constant,  whether  the 
mean  value  of  obtained  for  the  large  search  arza  is  significantly  different  from  that  required  to  fit 
the  Taylor  data,  and  whether  the  values  of  K  for  the  small  searoh  area  are  appreciably  greater  than  for 
the  large  search  area.  If  the  values  of  K .for  a  given  searoh  area  are  fairly  oonstant  this  tends  to 
support  the  modelling  ooncept  used.  If  the  mean  value  of  K  is  greatly  different  from  tnat  to  fit  Taylor 
data  it  would  suggest  a  marked  ohang.i  in  basic  foveal  threshold  performance  due  to  searoh. 


The  results  of  the  exercise  to  compute  a  set  of  values  of  K,  are  to  be  found  in  Table  1.  It  will 
be  seen  that  ths  values  of  K  for  the  large  search  area  are  tolerably  constant  over  a  wide  range  of 
contrasts  and  sizes,  part-lcu  larly  bearing  in  mind  the  faot  that  the  tabulated  results  of  Krendel  and 
Wodinaxy  are  taken  from,  best  fits  to  their  data  whloh  they  acknowledge  themselves  to  be  not  always  good. 
Of  greatest  importance  is  the  fact  that  there  are  no  trends  of  in  terms  of  size  or  oontraat. 


B2-8 


The  average  valua  of  K  for  tha  large  aaaroh 
field  (K.  m  1,62)  ia  appreciably  higher  than 
that  required  to  fit  the  J.H.  Taylor  data, 
fart  of  thia  difference  ia  to  be  expeoted  dua 
to  tha  Krandal  and  Wodinsky  data  being 
obtained  at  a  loear  field  luminance  than  that 
used  by  Taylor.  In  addition  it  ia  to  be 
expected  that  tha  threaholda  will  be  higher 
than  those  of  Taylor  dua  to  tha  method  of 
experimentation  being  one  of  free  ohoioe. 

The  values  of  K.  obtained  for  the  6.8°  search 
field  are  less  satisfactorily  constant. 

They  are,  on  the  other  hand,  very  appreciably 
higher  than  those  for  tha  larger  searoh  area, 
the  ratio  being  approximately  as  would  be 
predicted  from  Enoch. 

6.3.  Mo  Search.  Infinite  Viewing  Time 


The  opposite  end  of  the  viewing 
spectrum  from  wide  field  searoh  la  where  we 
have  no  searoh  at  all,  an  extended  viewing 
time  and  no  stimulus  growth.  This  is 
represented  in  the  laboratory  by  Blackwell* a 
classical  Tiffany  foundation  experiments 
(Ref. 10). 

Such  a  viewing  situation  must  yield  the  absolute  maximum  acquisition  ranges  for  a  given  set  of 
field  conditions.  It  was  postulated  by  Overington  and  Lavin  (Ref. 2)  that  for  suoh  a  situation  the  basio 
threshold  formula  for  foveal  vision  should  be  modified  by  removing  a^n"  noise  function.  Thus  the  formula 
proposed  for  infinite  viewing  times  instead  of  Eq  (2)  was 


Search  Field 

Target 

Contrast 

Mean  50>|t 

fl 

Diameter 

Diameter 

Detection  Time 

(degrees) 

(mins.) 

(sees.) 

43 

4.8 

0.43 

7.2 

1.47 

0.66 

2.7 

1.28 

13 

0.086 

21 

1.91 

0.11 

11 

1.88 

0.14 

3.3 

1.43 

24 

0.03 

21 

1.50 

0.072 

3-6 

1.88 

6.8 

13 

0.086 

1.8 

2.66 

24 

0.03 

8.3 

3.00 

0.038 

3*7 

3.50 

Table  1.  Selected  mean  acquisition  times  from 
Krendel  and  Wodinsky  and  values  of  K  to  match  with 
the  model  of  equation  (12)  using  glimpse  times  of 
0.3  secs. 


Converted  into  a  size,  contrast  and  range  function  similar  to  Eq  (12)  this  becomes 1- 


log 


(^“>•'1.  v»;-( V’>u” 

K  B  ♦  1  J  (236M2.!)2  ♦  80R2) 


where  in  the  limit,  for  fixated  foveal  viewing,  0  0. 


(21) 

(22) 


The  values  of  K  and  4  necessary  to 
fit  the  Blackwell  data1 at  30ft. L.  have  been 
computed.  They  are  found  to  be  K.  m  1.05 
and  S  •  0.0004  whioh  are  virtually1the  same 
as  those  shown  to  be  necessary  to  fit  tbs 
Taylor  data  (obtained  at  75ft. L. )  using 
Eq  (12).  For  a  fit  to  a  typical  set  of 
daylight  data  (e.g.  300ft. L.)  it  was  found 
necessary  to  reduce  K.  to  0.74,  retaining 
S  at  0.0004.  The  fite  achieved  for  both 
30ft. L.  and  300ft. L.  are  shown  in  fig. 2. 

The  implication  of  the  close 
agreement  of  constants  for  similar 
luminance  in  this  and  the  proceeding 
Ssotions  is  that  for  a  fixed  field 
luminance  total  visual  performance  for 
simple  stimuli  may  be  predicted  by  one  pair 
of  constants  simply  by  invoicing  a 
progressive  'suppression1  of  reoeptor 
channel  noise  as  glimpses  are  overlaid. 

It  is  postulated  that  the  form  of 
this  progressive  suppression  of  noise  is 
itself  a  cumulative  probability  function. 
Then  for  a  finite  number  of  overlaying 
glimpses  N,  and  with  an  infinite  viewing 
time  foveal  probability  a  1,  wa  have 


o 


Fig. 2.  Theoretical  Predictions  of  Blackwell  Infinite 
Searoh  Curves. 


Bata  from  Blackwell  -  a  300  ft. I,.,  a  30  ft.L. . 
Theoretical  Prediction.  -  [  \  «£  gj  “m  ?$J; 


(23) 


where 


For  a 


fjj  is  the  accumulated  probability  in 
p^  ie  the  single  glimpse  probability 

ty  a 

searoh  situation  where  m  et  >  6%,  w« 

•W 


■ 1  -  2  (1  -  P~> 


S  glimpses. 

on  the  qth.  overlaid  glimpse, 
still  have 
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where  M 


(1  -  v/ 

i.) 

(1  -  p/ 


1  -  (1  -  JH)a 


Kg.  3.  Acquisition  Bongs  v  Visibility  for  o  variety 
of  Conditions  where  v  -  0.2  Km/sec.. 

x  Reference  Condition!-  B-  -  25°,  C  -  -0.9«  BP  -  30metres, 
i  m  30ft. L?  (approx.). 

All  conditions  plotted  have  »j  .  1 ,  A^(x)j^  ^  .  1 . 

Other  conditions  quoted  ore  variants  from  *  11 

the  reference  oondition.  *  * 


However,  In  place  of  Rq  (16) 

_  r-e 

i»  “  1  "  &  ^  “  igj  *  •  •  (*4) 

2 

where  e  -  &rl Q2  *nd  r  relates  to 

the  rth  of  a  flnlte*humber  of  glimpse 
positions  s. 

?or  a  substantially  no  growth 
situation  these  formulas  became  simply 

fH-1 

end  f, 

whenoe  -  1  ,A  - 
but  Ns  >  m 

-  1  -  <1  -  Pg)“  •  •  •  (25) 

i.e.  a  simple  cumulative  probability 
function  for  m  glimpses. 

Squally  in  a  no  growth  situation 
where  foveal  probability  Is  p.  for  single 
glimpses  and  for  infinite  viewing  time 

is-  ff-^df- V 
in  “  pf  "  vSl  (pf  ' 
h  ‘  pf  -  [pf  -  h  *  $  (*r  "  pg>] 
i.-pf[pf-  ft*  (#f  “  pg)^"“(26) 


This  formula  fits  all  end  conditions  and  explains  the  transition  from  single  glimpse  to  compound 
glimpse  situations. 

N.B.  N  <£l  but  can  hove  any  v^lue  greater  than  unity  (i.e.  is  not  limited  to  integer  values). 

When  N  a  1 ;  1  <s  / 0*.  When  N  >1,  s  -  *F/6*. 

In  a  stimulus  growth  situation,  of 
course ,  the  stimulus  is  growing  through 
threshold  during  the  accumulation  of 
overlaid  glimpses.  Thus  each  overlaid 
glimpse  is  'stronger1  than  the  proceeding 
one.  The  detailed  mathematics  of 
accumulation  of  overlaid  glimpses  in  this 
situation,  which  involves  growth  of  visual 
lobes  interacting  with  search  accumulation, 
is  beyond  the  soope  of  the  present  paper. 

It  is  therefore  reoammended  that,  for  the 
present,  the  fixated  foveal  viewing  model 
in  a  growth  situation  be  used  solely  as  a 
predictor  of  absolute  maximum  acquisition 
range  as  growth  tends  to  zero.  A 
probable  minimum  acquisition  range  may  then 
be  predicted  by  assuming  approximately 
20  overlaid  glimpses  necessary  to  approach 
the  infinite  viewing  condition.  Knowing 
the  approach  speed  and  assuming  an  average 
of  3  glimpses/aeoond  the  maximum 
differential  dosing  of  range  during 
accumulation  of  glimpses  may  readily  be 
computed. 

7.  PRACTICAL  03g  07  THE  COMPLETE  MODEL 

We  are  now  in  a  position  to 
consider  the  total  random  searoh  situation 
(assuming  independence  of  glimpses)  and 
the  best  performance  with  search  tending 
to  zero. 

Now  the  main  purpose  of  this 

comprehensive  model  is  to  study  acquisition  Kg. 4.  Acquisition  Bangs  v  Visibility  for  Various 
performance  in  a  stimulus  growth  situation  Searoh  Conditions  (Large  Target), 

in  the  field.  For  the  computation  in  a  s  6.0  (single  glimpse  foveal). 

searoh  and  stimulus  growth  situation  a  x  6?,  .  25°.  V  $  „  so0. 

*  r  F  * 


value  of  R  ia  first  obtains!  from  Eq  (12) 
or  (I3)i  with  9 i  •  0  (i.e.  for  foveal 

■ingle  glimpse  detection)*  This  value 
of  R  is  then  used  as  &  starting  point 
for  searoh  probability  computations* 

A  set  of  range  increments  are 
next  ohoaen  from  the  computed  value  of  R. 
(increments  of  0.2Kn. are  found  to  be 
appropriate  for  aircraft  approach). 

For  the  first  of  these  ranges  Eq  (12)  or 
(l3)  is  used  to  compute  a  value  of  9  . 

The  value  of  0  ia  entered  into  a  * 
probability  program  together  with 
and  a  single  glimpse  probability 
computed.  A  number  of  glimpaes  for 
the  differential  range  is  computed  from 
mean  glimpse  time  and  approaoh  apeed 
using  m  •  “fyvt  where  ij  R  ia  a  range 
increment,  v  ia  8ths  cloeing  velocity 
(Kffl/seo)  and  t  is  the  average  glimpee 
time.  Qy  interpolation  the  cumulative 
probability  over  these  glimpses  is 
produoed.  Finally  mere  values  of 
range  injsoted  into  Eq  (12)  or  ( 1 3 ) 
and  the  above  procedure  repeated  until 
the  required  cumulative  probability  is 
aohieved  or  the  ooopiete  cumulative 
probability  profile  is  constructed. 

For  predlotiona  of  'no  search' 
performance  for  a  eel  of  viewing 
conditions  a  value  of  R  is  obtained  from  Eq 
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MB  ■  3  metres. 
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v  ■  0.2  Ko/sso . 
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Visibility  (Km) 


Flg.S.  Aoquieltion  Range  v  Visibility  for  Various 
Search  Conditions  (Small  Target). 

»  Fixated  foveal  (no  searoh,  no  growth). 

O  5-0  (single  glimpee  foveal). 


(22)  with  set  equal  to  zero. 


A  oomputer  program  has  been  written  which  combines  Eq  (12)  and  (13)  by  inclusion  of  a  'power' 
oonstant  on  the  R.H.3.  and  also  allow?  an  alternative  input  from  Eq  ( 1 3 ) .  This  program  then  allows 
computation  of  an  appropriate  50£  probability  acquisition  range  (single  glimpse  or  infinite  time)  and 
goes  on  to  compute  the  aomplete  cumulative  probability/range  curve  where  appropriate. 


Amongst  the  factors  studied  using  the  model  to  date  are  some  typioai  relationships  between 
acquisition  range  and  prevailing  visibility  for  a  ssleotion  of  target  sizes  and  search  areas,  the  effeots 
of  searoh  area  on  aoquieltion  range  and  aoounulation  of  probability  for  specific  sizes,  end  the  effect 
of  image  quality  on  acquisition  perform anas.  Some  Bsmpie  results  are  shorn  in  figures  3-7. 

In  figure  3  are  shown  a  number  of  acquisition  ourves  as  funotions  of  visibility.  It  is  interesting  to 
note  that  they  are  all  of  very  eimilar  shape.  Certain  of  these  ourves,  most  particularly  the  wide 
field  eearoh  curvet,  have  been  verified  in  field  trials  as  being  aocur.ite  in  both  trend  and  absolute 
value  (visibility  being  measured  along  the  mean  inclined  viewing  path  shioh  is  very  different  from 
meteorological  horizontal  ground  visibility  -  see  for  instance  Ref.  14).  In  figures  4  and  3  the  massive 

effects  of  search  on  acquisition 
in  a  stimulus  growth  situation 
ars  wall  illustrated.  Rots 

1 ,0  particularly  the  vast  difference 

'  v  between  best  fixated  foveal 

§  \  1  \  \  \  acquisition  and  that  with 

2  0.0  -  \  t  \  A  \  a&b-B-IOKa.  10°  diameter  searoh  field  in  fig.  5. 

2  \  \  \  '  \  \  „  a  4  o  _  on  F1*-6  iHu«tr*tee  the  ohange  of 

a  \t\'\  \  oma-R^.ju  am*  elope  of  the  cumulative  probability 

Jf  0.6  •  1  \  V  \  '  e  *  f  _  2  -30  Km,  ourves  as  a  function  of  both 

^  l  l  \  »  \m  '  V  visibility  and  searoh  area, 

o  I  I  1  d,\  Finally  in  fig. 7  oan  bs  seen  th# 

p  0.4  *  \  ,b  \  t  *  .  effsota  of  degrading  the  retinal 

■rt  \  1  \  V  '  image  sharpness  by  a  faotor  of  2. 


C0NCLUSI0R3 


Range  (Km) 


F1k*6.  Typioai  Probability  /  Range  Plots  as  a 
Funotion  of  Searoh  Angle  and  Visibility. 

(v  •  0.2  Km  /  sea.) 

-  9f  -  50° - 9?  -  25° 

*  Foveal  single  glimpse  acquisition  range  (p»0.5). 


It  has  bean  shown  possible 
to  develop  s  complete  model  of  tbs 
visual  acquisition  process  for  a 
random  searoh  situation  baaed  on 
the  physical  properties  of  the  ays. 
With  the  model  it  becomes  possible 
to  investigate  the  interactions 
between  such  faotore  as  searoh 
field  area,  retinal  image  quality, 
target  growth  rats  and  visibility, 
as  well  as  tneir  interactions  with 
the  more  'standard'  parameters, 
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10  20  30 

Visibility  (Km) 


sue,  cantrul  and  1j».uh« 

Practical  situations  e'.u'i.a«a  ■. -i  ’ t  p 
show  a taroti  arta  to  to  ■  major 
factor  contributing  to  acquin: iiin 
rangs,  overthadoming  l.t  »fic,ti  or 
many  other  parameters.  This 
•uggests  tnat  tunc*  art.  £ut)0. 
advantages  to  6*  {ttnci  by.  vett  ' 
passible,  minimising  •  •are):  -.n : 
daveloptng  optimal  ratter  t<:«, . 
randan  itaroh  stratwgi  in. 
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The  "K”  Faotor  in  Air-to-0  round  Acquisition  Modelling. 
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simplest  acquisition  task  from  the  modelling  viewpoint  la  that  of  deteotion  under  conditions 
target  and  its  looation  are  fully  learned.  This  task  la  scored  as  a  "potential  deteotion 
starting  point  at  B.A.C.  for  modelling  this  task  is  the  Tiffany  Data  (Blaokvell,  1946)  whioh 
probability  of  detection  at  a  given  target  oontraat  as  a  function  of  angular  sine  and  field 
The  link  to  deteotion  range  is  provided  by  appropriate  size-range  and  contrast-range 


This  paper  illustrates  that  correspondence  obtained  between  the  shapes  of  the  probability- range 
curves  is  good  both  for  field  and  simulated  field  deteotion  data,  but  that  aotual  performance  levels  are 
muoh  lower  then  predicted.  A  "degradation"  faotor  (tha  K  faotor  of  ths  title)  has  been  introdnood  to  oover 
this  discrepancy  and  a  similar  fudge  factor  has  been  invoked  to  oover  differences  between  simulated  and 
direot  field  trial  data. 

The  paper  exarines  the  factors  on  which  K  is  dependent  and  describee  relevant  experiments  at 
P.A.C.  and  the  associated  attempts  at  modelling  them.  It  is  at  onoe  a  progress  statement  and  an  indication 
of  ths  necessary  further  stuuies. 


LIST  OP  SYMBOLS 


A,  a  -Area 

Bo  -Field  (or  background)  brightness  Ft.  Lamberts 

b  -Sky-ground  brightness  ratio 

C  -Apparent  contrast 

CQ  -Intrinsic  Contrast 

where  oontraat  is  defined  as  the  ratio  of  the  brightness  difference  between  target  and 
background  to  the  background  brightness 
g^  glimpse  time 

H  -Altitude 

iC  -Degradation  factor 

n  -Number  of 

p  -Probability  density 

p  -Singlo  glimpse 

p*  -Single  glimpse  fov-eal 

R  -Range 

S  -Stimulus  value 

t  -Statistic  "number  of  standard  deviations" 

V  -Visibility 

X,Y  -measures  in  Cartesian  coordinates 

w  -angular  subtense 

-Cumulative  Probability 
0  -Angle  off  axie 

a-  -Standard  deviation 

The  symbol  (circumflex)  over  any  other  symbol  refers  to  the  median  value. 

1 .  INTRODUCTION 

Modelling  in  any  sense  requires  a  definition  of  aims,  identit ication  of  relevant  parameters,  the 
collection  of  relevant  theoretical  and/or  empirioal  data,  assembly,  or  programming  end  finally  validation. 
It  is  an  iterative,  learning  process!  it  1b  a  simplified,  incomplete  expression  of  the  reality;  its  success 
and  Its  valus  depends  on  the  ability  of  the  modeller  to  identify  the  relevant  parameters.  In  a  sense,  the 
modal  stands  for  a  scientific  hypothesis  and  as  such  should  be  capable  of  predicting  effects  uhioh  advance 
the  understanding  of  underlying  processes.  Arising  from  this,  the  sensitivity  of  the  end  product  to  ths 
various  input  factors  and  lo  their  interactions  can  be  assessed  with  the  aim  of  simplification  and  also  to 
stimulate  further  development.  Again,  in  validating  ths  modal  against  exporimont&l  or  field  data,  it  must 
be  expeoted  that  Inconsistencies  will  be  revealod  when  such  data  ie  derived  from  situations  akin  to 
but  not  identical  with  the  system  modelled,  the  model  however  would  be  of  little  value  if  it  had  no 
capability  for  extrapolation:  part  of  the  validation  process  oust  be  to  dstermiro  the  limits  to 
extrapolation. 

This  paper  first  considered  the  aims  of  modslling  target  acquisition  for  the  air-to-ground  case 
and  is  followed  by  a  "uamary  of  the  relevant  parameters  to  be  considered.  A  simple  model  for  the  no-search 
case  ie  discussed  and  s  used  to  introduce  the  K  or  degradation  faotor  as  a  necessary  element.  A  more 
advanced  model  for  the  no--searrh  case,  best  handled  by  a  digital  oooputer  program,  is  given  and  the  results 
of  oertaln  comparisons  with  flight  and  simulated  flight  experimental  studies  are  described. 

2.  MODELLING  AIMS 

Modelling  in  the  present  context  aims  to  predict  the  probability  of  acquiring  the  designated 
target  as  a  function  of  its  range  as  the  target  is  approached  on  a  defined  oourse. 

The  term  acquisition  is  used  to  cover  "detection"  as  a  response  to  ths  presenoe  of  an  objeot,  and 
"recognition"  as  a  response  to  the  presence  of  an  objeot  matching  the  target  description.  Ths  acquisition 
task  may  be  performed  under  no-anarch  or  search  conditions,  with  the  naked  eye  or  aided. 
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The  aoouraoy  requirement,  an  important  part  Oi  any  statement  of  modelling  aims,  is  complex  and 
has  not  been  fully  defined  at  the  praaent  level  of  stuty.  1  shall  leave  it  here  simply  as  +  50£  on  the 
threshold  deteotion  range,  If,  as  given  by  the  model  itBelf  and  excluding  errors  in  the  measurements  of 
input  parameters  suoh  as  visibility-  Some  such  statement  iB  neoessary  if  the  modelling  is  to  be  effioiont. 

Starting  from  a  'best'  performanco  prediction,  the  approach  adopted  has  been  to  identify  the 
sources  of  degradation  likely  to  affeot  the  real  world  situation  and  to  estimato  the  magnitude  of  the 
degradation  or  K  factor.  The  "best  performance"  prediction  as  used  in  the  present  studies  is  for  the  no- 
soaroh  oase  and  Is  based  on  the  'area  theory'  of  deteotion  as  exemplified  in  the  Tiffany  data  (Reference  1). 
Thie  data  deBoribes  the  deteotion  of  circular  disc  targets  in  a  plain  field  as  a  function  of  their  angular 
diameter  el  their  oontrast  C  and  also  of  the  field  brightness  Bo-  Unlimited  viewing  time  was  given  to  eaoh, 
well  praotioed,  eubjeot  using  the  psyohophysioal  ''method  of  constants". 

There  are  alternative  starting  points  which  are  well  summarised  by  Davies  (Reference  2A).  In  his 
paper  to  this  oonferenoe,  Overington  describes  his  development  of  an  alternative  based  on  an  edge  deteotion 
theory. 


The  level  of  aoouraoy  given  above  might  suggest  that  a  crude  model,  such  as  It  -  K  V  might  be 
adequate.  Inspection  of  experimental  and  field  data  shows  this  not  to  be  the  case;  the  range  of  values 
of  K  needed  is  too  wide.  Hors  detailed  modelling  can  be  expeoted  to  show  the  dependence  of  K,  as  dafined 
in  this  manner,  on  other  factors  as  listed  in  the  following  seotion. 

3.  I DEHTIFI CAT10K  OF  RELEV AOT  PARAMETERS 

Briefly,  those  may  be  considered  in  four  principal  groups  as  follows! 

3.1.  Visual  characteristics  of  the  target  and  field  as  projected  along  the  sight-line. 

Real-world  targets  are  usually  three-dimensional  objects  of  complex  interior  detail;  while  the 
dimensions  can  be  regarded  as  fixed,  brightness  levols  will  depend  on  the  direction  and  intensi  ty  of 
incident  illumination  and  the  reflective  properties  of  the  various  target  surfaces.  The  field  will  generally 
be  structured:  the  level  of  background  clutter,  the  presence  of  objects  confusable  with  the  target  and  target 
screening  will  affect  acquisition.  The  target  position  in  the  field  will  be  known  for  the  no-eearoh  case 
and  untoiown,  but  within  a  defined  area  for  the  search-case. 

The  sight-line  direction  may  be  resolved  in  terns  of  along-track  range,  offset  and  altitude.  These 
are  taken  ac  the  basic  geometric  factors  affecting  acquisition. 

Observer 

At+itvde 


These  and  their  rates  of  change  nay  have  psychological  and  well  as  physiological  implications  for 
the  obsorver. 

3.2.  Modification  of  ths  targat/fieid  characteristics  by  transmission  through  the  atmoap.Vre. 

The  principal  effects  here  are  wall  established  and  operate  by  attenuation  of  the  target  intrinsic 
contrast.  The  simplest  expression  of  the  affect  is  given  by: 


c  -  c0 


-JU  R/V 

e 


•(i) 


(where  the  constant  3*92  relates  to  a  visibility  defined  by  tho  2>»  residual  contrast  point).  A  more 
appropriate  expression  for  air-to-ground  viewing  is  given  by: 


C  r  f7bl (2) 

(which  reduces  to  (l)  for  a  slty-ground  brightness  ratio,  b-1). 

The  validity  of  these  expressions  depends  on  a  homogeneous  atmosphere:  altitude  (or  layering) 
effects,  the  presence  of  broken  cloud  between  sun  and  oight-line,  precipitations  and  localised  industrial 
lose  aro  typical  factors  which  may  upset  thie  homogeneity. 

3-3.  Modification  of  the  target/field  oharaoteristics  by  imaging  systems.  The  relevant  factors  hare 
include: 

(i)  Properties  of  the  imaging  system,  suoh  as  magjiifioation,  vailing  glare,  transmission 
less,  field  of  view  and  blur.  Similar  factors  will  apply  when  simulating  reel  world 
situations  for  experimental  purposes. 

ill)  For  optical  systems,  the  interaction  with  the  optical  properties:  of  the  eye.  -  e.g. 
aperture  offsets. 

(ili)  Interaction  with  the  observer's  interpretive  capacity  —  particularly  for  Infra  Rod  and 
Radar  imagery. 


Z7 
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1,4.  Observer  OmraoteriatioB 

the  observer,  receiving  n  visual  input,  will  correlate  this  with  memorised  information  to  reach  a 
dsoision  and  than  to  make  an  appropriate  response.  Factor*  effecting  hie  performance  inoludei- 

(i)  Optloal  afflolenoy  of  the  observer*  visual  prooeea.  Meohanioal  ef foots  of  the  enviroroent, 
particularly  vibration,  should  be  included  here.  Target  and  Field  motions  relative  to  each 
other  and  to  the  observer  can  also  be  expected  to  affeot  visual  performanoa. 

(li)  Psyohologloal  faotora,  affecting  the  ability  of  the  observer  to  interpret  the  visual  eoene 
in  the  light  of  the  briefing  given  and  to  make  the  sppropriate  deoieion  in  both  search  and 
no-searoh  modes.  In  the  aearoh  oase,  approach  speed  and  search  area  roust  additionally  be 
considered.  Implications  of  the  required  response  for  the  observers  deoieiun  making  oust 
not  be  negleoted. 

4.  A  SIMPLE  KO-SEARCH  MODEL 


4.1.  Mathematical  Description 


We  assume  an  approach  along  the  eight-line  to  a  target  of  area  A0  normal  to  the  sight-line, 
a  range  R  then,  the  angular  diameter  of  the  oirole  of  equivalent  area  ie  given  byt 


At 


1  '/» 


r  3871  m 


*(3) 


(1)  vizi 


Assuming  a  visibility,  V,  the  apparent  contrast  at  range  R  is  taken  as  given  by  equation 


^  *  C0  e 


■Ml  kjv 


The  Tiffany  data  as  reported  by  Blaokwell  for  fo.veal,  unlimited  viewing  time  1b  approximated, 
for  the  threshold,  by! 


5  - 


-(4) 


for  small  angular  sizoa,  oi  <C  5  rainutea  of  aro.  the  threehold  stimulus,  le  a  constant  for  a  given 

background  brightness. 

We  similarly  describe  the  stimulus  magnitude  at  range  R  by  sr.  "  **.  ^a.  which  by 

substitution  from  (l)  and  (i)  becoraesi 


5t  = 


3371  (A.Q* 

■R 


•(5) 


Since  A  and  C  are  "intrinsic"  characteristics  of  the  target  we  define  an  intrinsic  stimulus 
o  o 

^  =  3871  (AtOA  whence 

^  =  R  e5’  'tT77 


which  in  haperian  logarithme  becomes 


log€  S*  =  lo^S^  -  (logt^  +  1-lbR/V) 


<6) 


Using  the  approximation 


0  542 

for  the  "frequency  of  aeeing*1  eurve  given  by  Blackwell,  we  find 

^s/i  =  i  ft  -  0  Z1\ 

The  probability  of  deteotion  at  range  R  ie  then  given  by: 


rvi 


r\-4 


e  ^  dt 


where 


<k ^ 

-  —  m* 

ta  = 


•(7a) 

<7b) 
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Finally,  simulating  the  approach  to  the  target  by  incremental  eteps  in  range,  and  calculating 
at  aaob  st«p  to^S,,  from  (6)  ,  t*  from  (7b)  and  thua  fiR  from  (7a),  we  therefore  map  out  the 

cumulative  deteotion  probability.  By  its  derivation,  thie  desoribee  the  probability  of  detection  given 
unlimited  viewing  time  at  eaoh  range.  While  thie  ia  not  of  ouoh  praotioal  field  value,  it  does  oorreapond 
in  e^jerimental  aituationa  to  what  we  have  oallod  "Potential"  deteotion  probability. 

From  thie  analyala  certain  other  featurea  of  the  model  follow! 

(i)  The  range  at  which  a  given  probability  fl  ia  reached  la  given  byt 


log,  +  MkRj/C'  =  -  log,  5^ 

logt  S4  a  log,  §  "•  t  <S^ts/S 

In  partioular,  the  median  detection  range  ia  given  by 

lo5tR  \  Ufi/V  •  log,  S0  -  log,  § 


(il)  Since  lo^,S  is,  approximately,  normally  diatributed  about  lo$,§,  then  ) 

ia,  approximately,  normally  diatributed  also,  from  whioh  it  appears  that  neither  log  R  nor  R 
can  be  normally  distributed.  However,  for  purpoaea  of  tting  cumulative  probability 
curves  as  predioted  by  modelling,  and  determined  from  experimental  data,  it  has  been  found 
helpful  to  express  these  ourvea  in  PROBIT  v  LOO  RANGE  form  (where  FROBIT  »  t  *■  5  t  this 
will  be  reoognised  aa  equivalent  to  plotting  on  normal  probability  paper). 


4.2.  A  First  Comparison  With  Experimental  Data 

Figure  1  illustrates  at  (a)  model  predlotlona  and  at  (B)  certain  experimental  results  expressed 
in  similar  form.  The  model  was  not  ueed  here  to  predict  the  experimental  results  but  to  show  that  the 
general  form  of  results  is  compatible.  An  interesting  point  arises  here!  the  value  of  used  in 

the  modal  is  derived  from  Blackwells  "average  observer"  while  the  experimental  result#  are  based  on  4 
replication#  by  each  of  6  observers.  This  suggssts  the  Blaokwell  variance  to  be  too  high,  whioh  is  in 
accord  with  valuas  aommonly  found  in  our  own  experimentation  on  thresholds.  This  disorepanoy  may  be  due 
to  the  different  payohophysioal  methods  used  by  ourselves  and  Blaokwell.  Sxnoe  we  use  a  curtailed  method 
-  the  "  threshold  trroking'  nethod-we  acquire  data  from  individual  subjects  over  a  matter  of  a  few  days 
while  the  more  elaborate  method  of  Blackwell  involves  subjeota  for  much  longer  periods. 

It  will  be  observed  also  that  the  experimental  results  depart  from  the  expectation  provided  by 
the  model  for  tho  lOKm  visibility  oase.  While  we  oan  largely  discount  results  at  greater  than  90^  or  less 
than  the  105*>  levels  on  the  basis  of  their  low  accuracy  In  probability,  there  does  remain  an  effect  to  be 
explained. 

4.3.  The  Degradation  Factor,  K. 

In  order  to  seek  a  match  between  tho  experimental  data  and  the  model  prediction  it  is  convenient 
to  introduoe  a  degradation  factor  K  into  the  model.  This  we  assume,  in  the  first  plaoe,  to  operate  on 
the  threshold  stimulus  S  auoh  that  the  degraded  stimulus  is  given  byi 

s*  =  K  $ 

where  K  is  greater  than  unity  in  the  sense  of  degradation  and  less 
than  unity  in  the  aenae  of  onhanoement,  Thua 

lo3e  V  KK+,0VS  - (,0) 

Replacing  loj*  $  in  equation  (Sb)  to  represent  the  eperativa  threshold  characteristic  and  oombining 
with  (8a)  and  ( 10)  givsei 

l°Sa^»  +  l  %R*/V  =  l°3«S#-logtS  “  "log,K  — . -(Ha) 

or  for  the  threshold  range 

log,U  +  1%  k/V  =■  log,Sc-log,S  —  log,K  ■■  -  ■■(iib) 

Clearly,  the  degradation  term,  log,  K,  oan  be  seen  to  dssoribe  also  a  degradation  of  the 
intrinsic  stimulus  through  intrinsic  contrast  and,  or  absolute  area.  This  inoidentally  provides  a  means 
to  repreoent  magnification  and  veiling  glare  faotors  in  sigit  systems  (sight  transmission  loss  oan  be 
represented  direotly  by  a  degradation  of  the  threshold  stimulus). 
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4.4.  Further  Comparison  with  Experimental  Data 

The  taalc  uet  required  subjects  to  deteot  a  diamond  shaped  target  aided  by  a  X10  magnification 
eight.  The  simulation  provided  a  target  growth  situation  as  represented  in  equations  (1)  and  (3).  The 
target  was  presented  on  a  plain  illuminated  screen  eo  observed  through  the  fixed  sight  as  to  appear 
randomly  in  one  of  several  positions.  Targets  of  two  eieea  were  used)  visibilities  of  10,  20  and  30Km 
were  simulated.  Eaoh  of  six  oubjeots  comp  1  a  ted  four  runs  at  eaoh  ciae  and  visibility  condition  against 
randomly  selooted  target  positions.  Figure  1  illustrates  at  B  the  cumulative  probability  ourveo  for  the 
three  visibilities  at  one  size. 

To  estimato  the  degradation  f&otor,  using  equation  (11b),  the  median  detection  ranges  for  each 
site-visibility  combination  were  axtraoted  and  used  to  caloulate  values  of  )  .  Using 

the  intrinsic  oontrast  of  0.8  sat  in  the  simulation  and  the  two  siees  (7>4m  ,  14.8m2)  together  with  the 
sight  magpifioation .values  of  S0  ware  obtained.  A  value  -0.575  was  taken  for  log  s,  consistent  with 
the  Blackwell  Foveal  unlimited  vioving  time  data  of  10ft  Lamberts,  whioh  assumed  the  eight  transmission 
loss.  The  values  of  K  then  obtained  from  (11b)  werei 


V(Km) 

K 

Ao 

V.(Km) 

K 

10 

18.3 

10 

19.3 

20 

16.7 

14.8 

20 

17.1 

30 

17.2 

30 

16.3 

Using  the  mean  value  of  K  vis  17*5  in  (Ha)  the  median,  10  and  905*  points  were  estimated  with 

■  0.271. 

The  data  is  illustrated  in  Figure  2,  together  with  the  predicted  10,  50  and  905*  points,  as  a 
function  of  visibility.  For  all  practical  purposes  a  good  fit  oan  be  olaimed  -  but  it  remains  to  show 
how  far  the  degradation  factor  oan  be  prediotsd.  There  is  olearly  no  single  source  of  degradation  and 
the  following  components  have  been  identified  for  the  present  example.  ' 

i 

(i)  Task  differences  between  the  experiment  and  implied  by  the  simple  modelt  in  partioular 

there  ia  an  elemant  of  eeoroh  in  the  experimental  task  which  ia  more  akin  to  the  Blackwell 
6  second,  8  position  eearoh  oase.  This  difference,  estimated  from  the  Tiffany  data  is 
represented  approximately  by  a  degradation  factor  of  1.6.  A  stimulmi  growth  situation, 
in  one  direction  only,  is  provided  by  the  experimental  task.  DavleB  (Reference  2) 
suggests  that  for  this  oase  an  inoraaae  in  I®*,.  6  of  Q.55  is  appropriate.  ThiB  is 
equivalent  to  an  increase  of  0.633  in  ,  or  to  a  degradation  faptor  of  1.9. 

(ii)  Sight  effects.  Transmission  loss  and  aagnifi oation  faotors  have  already  been  inoludsd 
in  the  modelling.  There  remain  veiling  glare  and  blur  effeots.  The  latter  hae  not 
been  estimated  for  the  sight  used  but  the  veiling  glare  effeot  has  been  estimated  at 
providing! - 

Apparent  oontrast  *  0.7  x  target  oontrast  at  the  soreen. 

This  is  equivalent  to  a  degradation  faotor  of  1.2.  A  further  faotor,  whoee  magnitude 
has  not  been  estimated,  oonoema  the  setting  up  of  the  sight  in  terms  of  foous  and 
inter- pupilary  distanoe  of  the  relatively  inaxperienoed  subjects. 

(iii)  Effects  of  target  simulation  as  they  affeot  the  quality  of  the  image  presented  on  the 
screen.  Intrinsio  oontrast  and  the  efftot  of  visibility  were  ohecked  at  one  position 
on  the  soreen  and  for  a  relatively  large  target.  A  bias  was  in  foot  found  in  the 
contrast  measurement  but  the  corrected  value  has  been  used  in  the  present  modelling. 

While  it  is  now  felt  the  method  of  cheoking  out  the  simulation  was  inadequate,  more 
detailed  studies  of  the  equipment  have  shown  that  the  degradations  introduced  from  these 
eourcee  would  be  relatively  small.  A  factor  not  oonsidersd  is  that  of  degradation  of  the 
simulation  by  vibration  in  the  optioal  systems. 

(iv)  Subjects)  althougi  praotloe  was  giver.,  it  was  not  as  comprehensive  as  that  given  to 
eubjeots  in  the  Tiffany  experiment  and  it  has  been  found  that  our  equipment  engineers 
perform  consistently  better  than  experimental  subjeota  in  this  simulation.  However  no 
controlled  studies  have  been  carried  out  and  we  are  not  able  to  estimate  the  degradation 
faotor  applying. 

The  oomblned  degradation  faotor  taken  over  all  factors  for  which  estimates  have  been  made  thus  amounts  to 
1.6  x  1.9  x  1.2  -  3.64  -  which  falls  far  short  of  the  figure  17. 5  estimated  to  be  present.  Subsequent 
oheoks  of  the  equipment  Bhowed  that  sight  setting-up  oould  be  a  very  oritioal  faotor  and  also  an  optioal 
component  to  be  at  fault.  These  were  subsequently  corrected  and  muoh  improved  results  obtained.  As  far 
as  the  modelling  ia  oonoemsd  ws  have  to  rsoonsider  whether  the  experimental  situation  is  covered  by  a 
simple  degradation  of  the  no-eearoh  case. 

5.  A  SECCKD  NO-SEARCH  MODEL 

5.1.  Specification 

This  model  is  developed  from  the  simple  model  of  the  previous  seotion  end  provides  fori 

(l)  Alternative  targets)  either  a  ouboid  of  given  dimensions  (height,  width,  length)  or  a 
oone  of  given  height  and  base  radius.  The  bases  of  both  ouboid  and  oone  lie  in  the  ground 
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plana 


B3-6 


(li) 


plana. 


A  straight  and  level  approaoh 
oaas  of  the  ouboid,  normal  to 


to  the  target  with  given  altitude  and  offset,  and  in  the 
the  plans  oontaining  one  faoa. 


(ill)  Caloulation  of  A_,  the  target  area  normal  to  the  eight-line  at  range  It  along  traok,  to 
replace  AQ  in  equation  (l). 


(iv)  Ataosphario  attenuation  of  oontraet  as  represented  in  aquation  (2)  i.e.  including  the  sky- 
ground  brightness  ratio.  (The  target  is  assumed  to  hsve  no  interior  detail  and  to  present 
a  oonstcnt  intrinsic  contrast  against  a  plain  field). 


(v)  The  stimulus  characteristic  to  be  expressed  as  tabular  values  of  threshold  oontrast  against 
angular  subtense)  thus  removing  the  site  constraint  existing  in  the  earlier  model.  The 
"frequency  of  Baaing"  ourve  is  hare  represented  in  tfu^c/e  whence  the  statiatio  t  of 
equation  (7b)  beoomes  t  ■  loq«t^-las.  s  .  The  degradation  factor  is  represented  by  a 

shift  in  the  oontrast  axis  vis  cf*  f,  ■  K  fi  or  lo^Kelo^t.  Henoe 

it  is  the  square  of  the'  degradation  faotor  of  the  previous  modal. 


No  direct  validation  of  thos  model  has  bean  attempted.  It  is  thought  more  useful  to  draw 
comparisons  with  experimental  data  obtained  from  flight  and  simulated  flight  situations.  The  chief  problem 
arising  from  roalietia  situations  is  that  of  obtaining  an  aoourate  description  of  the  target  else  and  oontrast. 
In  its  absenoe  we  oan  sxpsot  only  to  uraw  broad  comparisons  on  the  affects  of  prinoipal  factors.  Two  types  of 
acquisition  task  must  be  distinguished  here:  acquisition  when  the  targets  position  in  the  terrain  is  exactly 
known  and  acquisition  when  the  position  of  the  target  (if  present  at  all)  is  unoertain  within  a  defined  searoh 
area.  It  is  considered  that  the  first  task  is  oovered  by  the  present  model  through  the  degradation  factor  as 
oonaidored  in  the  previous  seotion.  The  seoond  task  hewerver  requires  a  different  modelling  approach  as 
given  in  the  next  seotion. 

5.2.  Some  Exercises  with  ths  Model 

General  exeroisea  have  bean  oompletad  for  a  wide  range  of  levels  in  the  various  factors, 
particularly  for  the  ouboid  target.  Offset  was  generally  ignored  since,  as  far  as  the  model  1b  concerned, 
it  le  symmetrical  with  altitude.  The  general  fern  of  the  results  obtained  are  in  good  agreement  with  the 
predictions  of  the  simple  model  previously  described.  A  typioal  sample  of  the  cumulative  probability  plots 
obtained  is  given  in  Figure  3  while  Figure  4  summarises  some  of  the  results  obtained.  Of  particular  note  1st 

(i)  The  predloted  altitude  effect  which  is  given  by 

R  at  1220  Km  »(R  at  150m)  +  0.3  (in  km)  for  a  oube  of  10m  side 

ft  at  1220m  -  1,12  (R  at  150m)  +  0.8  (in  km.)  for  a  horizontal  square  of  10m  eide  and  the 
difference  is  negligible  for  a  vertioal  square  of  10m  side. 

(ii)  The  effect  of  sky-ground  ratio  is  considerable  and  draws  attention  to  the  need  for  good 
photometry. 

A  speoial  e zeroise  was  oarrisd  out  to  prodiot  acquisition  performance  against  targets  of  similar 
shape  but  differing  scales  (the  "Soale-faotor"  effect).  Ths  fUll-eoale  target  used  was  a  ouboid  of  full- 
soale  dimensions  18.3m  high  x  91.5°  long  x  18.30  w<de.  j,  }  and  \  Boole  targets  were  also  used.  The  soalo 
faotor  effeot  was  examined  for  various  contrasts  in  the  range  0.05  to  0.25,  alti  75,  and  150°.  zero 

offeet,  sky-ground  ratios  1  and  5,  visibilities  10,  40ta>  and  infinite,  and  degradainr  'ac'or.  of  1  and  5- 
It  was  found  that  the  results  could  bs  expressed  closely  at  any  probability  level  tv  ■*  *vS,V) 

where  R8  and  RQ  are  the  dsteotlon  ranges  for  a  target  of  Boale  s  and  full  soale  respec  .  ly. 

For  V  -  «c  f(s,V)  .  s  )  V  -  40ta,  f(s,V)  -  e*  ;  V  .  10km,  f(e,V)  -  s* 

lbs  latter  two  results  reflect  a  ourious  ooinoidenoe  in  the  choice  of  visibilities! 

5.3.  feme  experimental  studies  oompletod  at  B.A.C,  with  implications  for  modelling. 

NOTEi  These  acoounta  refer  to  Clnd,  Terravision  and  3TAF  simulations,  outline  descriptions  of  whioh  are 
appended. 


1  Altitude 

A  number  of  experiments  have  been  oarrisd  out  at  B.A.C.  in  whioh  altitude  has  been  variable  but  the 
most  relevant  of  these  was  a  direct  study  of  the  effects  of  altitude  on  both  potential  detsotion  and,  on 
potential  reoo{piitlon  performance.  Ths  Terravision  simulation  was  usedi  each  of  six  subjects  perfoimed 
ths  acquisition  task  against  eaoh  of  six  targets  at  each  of  four  altltudesj  6lm  (200  ft.),  122m  (400  ft.), 
232m  (760  ft.)  and  608m  (2000  ft.).  The  targets  wsrei 

11)  Wing  of  a  country  house 

2)  Signal  box  on  a  railway  siding 

3)  A  apeoified  oil  storage  tank  of  a  group 

4)  Main  blook  of  a  power  station 

5)  Vortical  plane  square  of  ''0.7m  aide 

6)  Horizontal  plane  square  of  10.7m  side. 

Mean  potential  acquisition  ranges  taken  over  subjects  and  targets  for  each  oltitutte  were  as  tabled  below. 

It  was  found  that  ths  relationships  of  both  detsotion  and  recognition  ranges  to  altitude  oould  be  expressed 
in  the  foroi 

8  .  k  H" 
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"3aot  fit"  procedures  yielded  k  «  2.34  10J  and  n  ■»  0.25  for  detection  and  k  -  1.30  x  103  and 
n  •  0.28  for  recognition.  For  oaao  of  ooniputation  it  wan  assumed  n  »  0.2p  for  both  oases,  adjusting  tho 
value  k  for  recognition  to  1.61.  Using  those  values  datsotion  and  recognition  sooros  ware  predicted  as 
given  in  tho  tablo  below  togethor  with  estimated  errora  with  respect  to  actual  values. 


TABLE  OF  IffiAK  RAKOSS  (Km) 


ALTITUDE  (m) 


SCORE 

61 

122 

232 

608 

Detection 

2.22 

3.12 

3.64 

4-57 

Recognition 

1.55 

2.31 

2.59 

3.28 

Prodicted  Detection 

2.56 

3.04 

3.46 

4-55 

Percent  Error  (Detection) 

4-15 

-3 

-6 

0 

Predicted  Recognition 

1.84 

2.19 

2.50 

3.2C 

Percent  Error  (Recognition) 

♦  19 

-5 

-3 

0 

(Tho  negative  sign  on  percent  error  indicates  an  underestimate) 

The  level  of  error  achieved  is  well  within  the  requirement,  although  not  shown  here  are 
differences  between  tarcets.  Tho  errors  howeverin  both  scores  at  tr.e  6lra  altitude  are  relatively  largo i 
it  would  thorefore  be  dangerous  to  extrapolate  the  present  result  below  this  altitude.  Since  the 
simulation  ueod  provides  oesontially  an  infinite  visibility,  we  can  expect  the  parameter  k  to  include 
dagradation  factors  as  considered  previously.  Thus  a  better  working  model  for  the  altitude  effeot  might 
be: 


R..  =  R,.f,  /  H  .  4  oovering  both  detection  and  recognition.  To  use  this  of  course  it  1b 

"  600  HES  ; 

necessary  to  predict  the  acquisition  range  at  an  altitude  of  608m# 

It  will  be  noted  that  the  altitude  effect  found  in  the  svudy  ia  much  greater  than  that  predicted 
by  the  model.  This  result  is  confirmed  in  other  experimental  etudiee  including  those  of  Dyer  (Reference  3). 
A  likely  reason  for  ths  observed  better  performanoe  with  increasing  altitude  is  tho  reduction  in  acraening 
afforded:  this  is  less  by  direct  oueouratione  sines  in  the  present  study  targets  were  looated  to  avoid  this 
but  rather  by  target  to  background  merging.  This  being  the  case,  the  model  should  approximate  high  altitude 
conditions  (apart  from  visibility  effects)  better  than  the  lowei>  Alternative  reasons  for  the  observed 
discrepancy  include  possible  variations  in  target  intrinsic  contrast  as  a  function  of  the  sight-line 
direction,  and  thus  of  altitude,  but  the  broad  agreement  with  Dyer's  flight  data  suggest  this  is  a  second 
order  effect  or  that  the  simulation  agrees  well  witn  tho  real  world  in  thlB  respect. 

2.  Spoed  Studio a 

In  various  3.A.C.  studios  where  it  has  boon  an  experimental  variable,  speed  has  had  a  3mall 
effect  on  acquisition  tanks  where  the  target  position  rolotive  to  the  terrain  has  been  given.  This  is  in 
accord  with  the  view  that  such  taokB  have  a  relatively  small  search  content  and  can  be  modelled  by  simple 
degradation  of  the  no-searoh  case  provided  the  target  area  acquisition  is  not  delayed  by  a  pauoity  of 
terrain  duos. 

3.  First  Run  Versus  Potential  Recognition  Performance 

Ar.  experiment  was  carried  out,  using  tho  cine'  acquisition  simulation,  to  study  the  learning  offoot 
over  consoouiive  runs  against  each  of  six  specified  targots.  Tho  six,  relatively  inexperienced, subjects 
used  were  given  mop  briefings  as  to  the  target  location.  It  was  found  that  the  learning  could  be  expressed 
as: 

•S  v  -on 

nr.  1  a  -  b  c 

Average  values  of  the  parameters  a,  b,  c  taken  over  subjects  arc  given  below  for  the  Bix  targets. 


Target 

j 

a 

b 

C 

a’ 

p 

1.  Motorway  Road 

Bridge 

4.73 

5-'5 

0.83 

4.97 

5? 

2.  Reservoir 

5.45 

5.77 

1.02 

5.62 

64 

Causeway 

3.  Radio  Kants 

7.77 

6.90 

0.54 

7.34 

42 

4.  Maintenance 

0.29 

8.31 

o.so 

3.30 

59 

3uilding 

5*  F.otorway  Junction 

5.05 

3.18 

0.76 

A.  12 

53 

6.  Blenhcin  Palace 

7.31 

6.01 

0.76 

6. 76 

53 

For  n  greater  than  3,  no  significant  increaae  in  recognition  range  was  found  and  the  platoau 
level  reached  was  r.ct  significantly  difforent  from  the  median  potential  "ecognit- ->n  range,  Rraax-  From  the 
tabulated  values  of  u  ar.d  b  abovo,  the  approximation 

-cn. 

Rn  *  a  ( 1  -  e  ) 

can  be  proposed,  where  a1  =  (a  +■  b)/2,  given  also  with  the  table  above.  The  ratio  of  median  first  run 


acquisition  range  to  median  potential  range  1L  based  on  this  approximation  la  given  in  the  table  alsoi 
expressed  as  a  percentage  P  •  The  mean  value  orr*  is  55i  suggesting  the  relation 
ft.  «  0  5  S 

'  as  a  useful  working  prediction.  The  median  acquisition  ranges  for  eaoh 

target  and  the  predioted  acquisition  ranges  on  this  basis  are  given  in  the  table  below  together  with  the 
estimated  percent  error. 


Target 

1 

2 

\ 

4 

5 

6 

Median  1st  Run 
Acquisition  Range  (Km! 

3.14 

3.56 

3.90 

5.06 

3.56 

4.69 

°-55  (to: 

2.74 

3.03 

4.02 

4.57 

2.26 

3-72 

>  Error 

12.6 

13.7 

3.1 

9.6 

36.8 

20.8 

These  errors  are  within  the  required  error  margin  of  +  JO/i  for  assuming  roughly  similar  errors 
in  estimating  R !  . 


A  further  experiment  with  important  implications  for  modelling  was  oarried  out  to  invaatigate  the 
relationship  between  first  run  aoqui8ition  end  potential  acquisition  performance  under  different  briefing 
conditions.  The  oinV  acquisition  simulation  was  again  used.  Briofing  conditions  ware  as  follows! 


Condition  A. 


Condi .ion  B. 


Prior  experience  of  the  route  by  flying  over  it,  correlating  with  a  map.  The 
aoored  run  was  then  oarried  through  at  450  Knots  the  target  being  named  and  its 
map  looation  given. 

In  addition  to  the  map  with  target  looation  marked,  target  photographs  taken 
from  various  rangss  were  given.  The  target  baokground  was  kept  to  a  minimum  to 
avoid  giving  looation  cues.  The  scored  run  was  oarried  through  at  450  Knots. 


Condition  C.  A  slow  speed  run  at  100  Knots  with  the  map  briefing  only. 

Condition  D.  A  high  speed  run  at  450  Knots  with  the  map  briefing  only. 

Potential  range  1, manures  were  taken  for  a  single  slow  forward  run  immediately  following  the  first 
run  condition.  Prom  a  population  of  48  (R.A.F.  aircrew)  subjects,  groupB  of  12  were  drawn  to  oover  each 

Target/brlof  condition  in  a  balanced  manner.  The  modlan  first  run  acquisition  and  potential  range  soores 

obtained  under  the  various  briefing  conditions  and  fer  eaoh  of  the  four  targets  used  are  given.  In 

kilometers,  in  the  following  tablet  _ 

I  .  Briefing  Condition  1 


Target 

„  A 
R1 

*ma*  I 

B 

*1 

R 

max 

I 

1 

c 

$ 

max 

1 

1 

*1 

D  _ 

Rmax 

1. 

Power  Station 
Pump  House 

6.06 

8.85  • 

1 

3.21 

6.13 

1 

1 

5-09 

8.87 

1 

1 

5.64 

7-76 

2. 

Gravel  Works 

5-39 

8.64  1 

4.02 

7.34 

6.89 

11.72 

1 

3.97 

7.35 

3. 

Road/River 

Bridge 

4.12 

5.03  , 

1 

3.26 

5.12 

1 

1 

4.54 

6.  03 

1 

1 

3.69 

4-29 

4. 

Road/Rail 

Bridge 

2.90 

4.85  , 

1 

3.05 

4.27 

l 

1 

2.16 

5.88 

1 

1 

2-32 

5-36 

Overall,  for  first  run  performance  R,,  results  for  conditions  B  and  D  are  similar  but  lesa  than 
those  for  oonditionu  C  and  D  whioh  are  also  similar.  Average  values  of  B.|/R max  taken  over  targets  for 
eaoh  briefing  condition  arei  A, 0.68  ;  B,  O.61  ;  C,  O.57  ;  D,0.62.  Th35S  are  rather  higher  than  the 
moan  value  of  O.55  obtained  in  the  previously  described  experiment.  However  using  the  relation 
B  »  0.55B  to  prediot  the  first  run  acquisition  ranges,  the  peroent  errors  were  found  to  be! 

i  I  Briefing  Condition  I 

T.pmt  A  B  C  D 


1  -20 

6 

-4 

-24 

2  -12 

1 

-6 

2 

3  -33 

-14 

-17 

-29 

4  -8 

-23 

49 

30 

(where  the  negative  sign  implies  an  underestimate) 

While  these  results  are  still  within  the  required  error  tolerance  for  R,,  the  margin  of  error  now 
permissible  ini?  is  apparently  reduced.  Examination  of  the  tabulated  values  given  above  shows  to 

be  dependent  to  e!me  extent  on  the  briofing  condition  for  the  proceeding  first  run.  Thux  it  ie  inferred 
that  the  potential  acquisition  rangB  was  not  fully  dsvolopod  in  this  study  i.e.  bos  been  underestimated. 

This,  to  an  urdeteiminea  extent,  oountere  the  bias  in  the  error  table  above. 

Both  experiments  then  give  some  hope  that  if  the  potential  deteotion  range  oan  be  predioted  fairly 
cloeely  by  the  model  -  eay  withir.  10-20;i  -  we  will  be  able  to  prediot  firet  run  performance  within  the 
epeoified  accuracy.  Expressed  in  thiB  manner  it  is  not  possible  to  give  the  relationship  between  1st  run  and 
Potential  as  a  degradation  factor  as  presently  used  in  the  models. 


83-? 


4.  Deteotion  -  Recognition 

While  measures  of"  detention"  and  "recognition"  performance  have  been  taken  in  several  B.A.C. 
studies,  there  hat  been  no  speoial  study  of  their  relationship.  In  that  suhjeots  were  reqpilred  in  these 
experiments  first  to  record  dsteotion  then  recognition,  their  responses  are  likely  to  be  biased.  Several 
inoonoluaive  attempts  have  been  cade  to  quantify  the  relationship  from  the  data  available  including  one 
study  to  determine  whether  elapsed  time  or  elapsed  range  wan  the  relevant  parameter.  Typically,  from  tha 
altitude  study  described  previously,  the  mean  ratio  recognition  range/ds teotion  range  la  0.72  with 
negligible  variation  with  altitude. 

From  the  results  of  the  aosle  festor  Studies  reported  below  it  may  be  inferred  that  the  modelling 
of  recognition  involves  factors  of  shape  and  target/bankground  relationship  whioh  are  not  oovered  by  tha 
present  model  and  oannot  then  be  entirely  expressed  through  the  degradation  factor  K.  Again,  the  results 
dseoribed  in  the  previous  eaotion  imply  that,  in  the  oomplex  terrain  situation,  detsotlon,  as  performed, 
oontains  some  elements  of  recognition. 

5.  Scale  Factor  Studies 

Two  experiments  ware  oarriedout,  one  using  tha  Terravision  simulation,  tha  othar,  8TAF.  In  both, 
two  auboid  targets  of  different  shapes,  eaoh  at  thrse  eoaiea  (1,  1)  were  placed  In  turn  at  the  earn 

position  in  the  terrain.  The  results  of  first— run  dsteotion  tasks  against  these  targets  in  both  simulations 
showed  no  soalo  factor  effeot  contrary  to  the  model  predictions  given  above.  Various  artefacts  in  the 
simulation,  experimental  design  and  experimental  procedures  were  examined  in  an  attempt  to  explain  the 
observed  result.  The  most  likely  explanation  however  la  that  tha  baelo  requirement  of  the  model  for  a 
simple  target  in  a  plain  background  -  la  violated.  In  tha  simulations,  the  targets  were  Intimately  related 
to  oomplex  backgrounds  (they  oan  be  said  to  "merge"  with  the  background)  and  under  suoh  conditions  it  ie 
likely  that  subjects  wore  responding,  unanimously,  to  a  different  orlterion  to  that  supposed. 

A  furthor  effeot  was  notedi  in  a  modelling  exerolse  whioh  attempted  to  matoh  the  experimental 
results  for  the  smallest  target  (least  affeoted  by  "merging")  no  degradation  factor  waa  required  for  the 
STAF  data  but  a  degradation  faotor,  in  excess  of  75  was  required  for  the  Terravision  data.  This  reflects 
the  difference  In  display  quality  and  a  similar  effeot  ie  noted  in  the  "Vehiole  dsteotion"  exeroiee  reported 
below. 

In  view  of  the  limitations  of  a  telovisual  display  due  to  its  line  structure,  it  would  appear 
improper  to  model  tha  observed  Tarraviaion  dsta  by  a  degradation  factor.  A  oorreot  modelling  of  tho  oontraat 
growth  situation  as  it  appsare  on  suoh  a  display  is  required  to  oovar  both  real  world  oases  and  simulations 
thereof. 

6.  Vehiole  Deteotion  Study 

The  model  haB  been  used  to  examine  tho  relationship  botween  acquisition  performance  In  oertain 
fiold  trials  and  in  a  Terravision  simulation  of  these  trials  against  a  vehicular  target  plaoBd  in  a  large 
unol uttered  area  of  terrain.  Using  measurements  of  siee  and  oontraat  of  the  displayed  target,  an  attempt  was 
mads  to  matoh  tho  observed  median  deteotion  performance  by  'Btimating  the  degradation  faotor  required  end 
to  matoh  the  observed  varianoe  by  appropriate  values  of  •  A  similar  attempt  wae  made  to  matoh  the 

resulta  of  the  fiold  trial.  For  the  experiment,  tho  required  values  were  K  -  50  and  <fio,.t/t  0  |f . 
while  for  the  field  trials,  K  -  5  and  (fioq,  t/t  ‘Out  ,  The  latter  values  are  entirely  within  our 

expectations  while  the  former  again  reflect  the  limitations  of  a  teloviBual  display. 

6.  MODEL  FOR  UKTR'J OTURED  SEARCH 

6. 1 .  Cenoral  Description 

Thie  modal  is  based  on  the  accumulation  of  detection  probabilities  over  ft  sequence  of  single 
glimpses  each  randomly  directed  ftt  the  search  area.  The  glimpse  time  gt  it  u»ed  to  determine  tho  numbor  of 

glimpses  in  a  given  interval  of  time  (or  of  range  In  the  target  approaon  oondition).  Glimpse  timea  such  as 

given  by  Ford,  White,  Lichtenstein  (Referenoe  4)  show  an  approximate  spread  of  from  0.1  to  0.6  seconds  with 
a  median  value  of  about  0.J3  aeot.  This  ie  the  value  commonly  used  in  our  studies.  For  any  partioular 
glimpse  (at  range  R)  the  target  is  assumed  to  hove  a  stimulus  value  aa  given  by  Equation  (2)  for  apparent 
contrast  and  by  Equation  (3)  for  the  angular  subtense.  Since  the  glimpse  will  in  general  be  directed  at  ar, 
angle  0  with  respect  to  tho  digit  line  to  the  target,  the  single  gliapeo  deteotion  probability  will  be  a 
funotlon  of  bo  .h  etimulus  value  and  0.  The  empirical  data  of  J.H.  Taylor  (Reference  5)  provides  the 
threshold  contract  Cq  for  dsteotion  at  0°  off  axis  aa  a  function  of  angular  size.  Thie,  together  with  a 
standard  deviation  t/t  oan  be  interpreted  as  a  deteotion  probabillty/O  profile  -  what  I  have  termed 

the  Target  Deteotobllity  Profile.  (T.D.P.).  If  a  degradation  faotor  ie  to  be  ueod  in  the  model  it  is 
aesumod  to  operate,  as  previously,  on  the  cor.trust  threshold.  Aosuming  the  search  to  be  uniform  over  the 
search  area,  the  (T.D.P.)  oan  be  approximated  in  the  model  by  a  rectangle  of  height  pf  (the  fovoal  single 
glimpse  probability)  and  width  0  corresponding  to  a  probability  Pf/2.  For  p^»1,  this  corresponds  to  the 
conventional  hard  shell  lobe. 

With  this  opproximation  two  alternative  models  are  available) 

Type  1,  in  which  tho  average  single  glimpse  probability  is  taken  over  all  possible  target 
positions  In  the  eearoh  area.  Here  the  singlo  glimpse  probability  is  given  by 

p*  •  p*  C  71  -  T 

where  lobe  area,  a,  and  Bearoh  area,  A,  are  measured  normal  to  the  si#it  line  at  rang©  R.  Thus 

a  X  A  Rl  §* 

This  model  further  assumes  tho  target  always  to  be  in  the  search  area  and  that  there  are  no 
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fleld-of-view  restrictions. 

Type  2  in  wnioh  the  single  gliispae  probability  1b  obtained  for  tha  given  target  poaition  in  tha 
aaaroh  area  wham 

Pg  *  Pf  il 
6  1  A' 

Tha  modal  for  thia  oaaa  oaloulataa  a*  aa  tha  loba  area  within  tha  Baaroh  area  and  aleo  within  tha 
field-of.«view  and  A'  aa  that  part  of  tha  aaaroh  area  within  tha  field-of-view.  Aa  tha  approaoh  to  tha 
target  ia  made,  tha  interaotion  of  field-of-view  with  lobe  and  soaroh  areaa  of  oourae  ohangee  appropriatelyi 
if  at  any  time  tha  target  ia  found  to  ba  outaida  tha  field-of-view,  pg  •  0. 

For  both  typos,  values  of  p  are  found  for  aaoh  glimpse  (by  interpolation  from  samples  in  order  to 
reduos  oomputation)  and  those  are  then  accumulated.  Previously  this  has  been  oaloulated  fromt 

&  =  1  ~  J} l  - (12) 

The  start  point,  n  *  1,  is  taken  for  a  range  R^^  when  tha  value  of  p  ia  vanishingly  small.  The 
diatanoe  travailed  ia  given  byi  e 


SBaX  -  R  -  V.H.  gt 

Tha  aoouraulation  however  has  been  found  to  predict  superior  acquisition  to  tha  no-eaaroh  oase 
under  oertain  oonditions.  This  is  olearly  inoorreot  and  the  method  now  adopted  ia  to  limit  the  soaroh 
probability  by  the  no-eearoh  probability.  Properly  we  should  take  the  single  glimpse  foveal  probability 
and  aooumulate  this,  however  these  probabilities  are  not  independent  and  Equation  (  12  )  does  not  hold, 
and  an  alternative  auoh  aa  now  proposed  by  Overington  in  his  oompanion  paper  is  required.  In  the  meantime 
we  have  used  the  no-aearoh  model  ae  previously  described. 

6.2.  Examples  of  ths  Application  of  the  Saaroh  Model 

Typical  outputs  for  the  Type  1  model  are  given  in  Figure  5  ,  illustrating  the  effects  of 

glimpse  time  and  velooity  for  various  sky-ground  brightness  ratios.  For  referenoe,  tha  corresponding 
no-aearoh  probability  ourves  are  also  given.  It  ia  immediately  apparent  that  ths  distributions  obtained 
differ  in  form  for  thoso  obtained  for  the  no-eearch  oases  and  that  the  magnitude  of  the  difference  ie  very 
sensitive  to  sky-ground  ratio.  It  oan  be  seen  also  that  there  are  limiting  probabilities  at  near-aero 
ranges  from  whioh  detection  suooess  rates  oan  be  determined. 

Data  from  e  "widoeoale  soaroh"  experiment  has  also  been  used  as  a  basis  for  modelling.  In  this 
experiment,  using  the  Terravlsion  simulation,  subjects  were  required  to  deteot  e  single  oone  target  during 
simulated  straight  and  level  flight  along  one  aids  of  a  defined  search  area.  (The  field-of-view  available 
-  50°  to  one  side  of  oentre  -  wee  rather  less  than  that  generally  obtained  through  a  oookpit  window).  The 
search  area  measured  1.7  Km  wide  by  5  Km  long  and  targets  were  oentred  nominally  at  the  intersections  of 
a  4  x  3  rectangular  grid. 

By  using  oor.e  targets  it  was  hoped  to  oontrol  intrinsic  contrasts  in  the  eimul&tion.  From 
sample  measurements  values  ranging  from  0.3  to  0.75  approximately  were  found.  Where  measured  they  were 
used  in  the  modelling,  otherwise  an  average  value  waa  used.  The  degradation  factor  required  in  the 
modal  waa  estimated  from  the  observed  data  by  trial-and^rror  methods  and  found  to  be  of  the  order  75* 

Figure  6  illustrates  the  observed  euooses  rates  as  a  function  of  offset  for  two  speeds,  100  Knots  and 
400  Knots!  also  Bhown  are  the  auooesa  rates  estimated  by  the  model.  Clearly  the  mode?,  underestimates  the 
observed  suooess  rates  particularly  at  the  higher  speed.  Again  it  is  suggested  that  the  effect  ie  explained 
in  terms  of  the  nature  of  the  televisual  display  and  it  is  assumed  that  with  realistio  modelling  of  this 
effeot,  the  need  for  so  large  a  degradation  will  disappear.  The  model  also  showed  a  muoh  smaller  offset 
effeot  than  was  observed  in  the  experiment.  The  most  likely  explanation  here  is  that  subjects  ohanged  their 
search  strategy  according  to  the  porceivad  task  diffioultyi  it  is  suggested  that  aaaroh  was  oonoentrated  more 
at  the  lower  offsets  rather  than  unifora.  Intermittent  target  screening,  present  in  the  simulation  but 
not  in  the  modelling  may  have  been  a  contributory  faotor  to  this  offset  effeot. 

7.  BROAD  C0MCLU3ICWC 

Modelling  to  date  has  had  mixed  suooess  but  I  would  moke  the  following  particular  points. 

Cl)  the  degradation  faotor  as  dsfined  oan  be  used  only  for  particular  purposes  relating  to 
ohanges  in  the  stimulus  or  stimulus  response  oharaoteriBtio.  It  will  not  conveniently 
dsaoribe  suoh  offsots  aa  observed  in  altitude  or  suoh  constraints  as  appear  when 
televisual  displays  are  used.  Modelling  the  televisual  display  is  an  important  requirement 
if  only  to  make  better  use  of  simulations  suoh  as  the  Terrovision  system. 

(ii)  If  the  oonditions  modelled  are  widely  different  from  flight  or  simulated  flight  oonditions, 
particularly  in  respeot  of  the  target  background  relationship,  then  the  model  will  fail. 

(iii)  While  better  descriptions  of  target  contrast  (in  terms  of  the  illuminating  oonditions) 
and  of  non-hooogenaoua  atmospheres  are  both  desirable,  it  is  just  as  important  to  have 
good  photometrlo  measures  of  intrinsic  oontrast,  visibility  and  sky-ground  brightness 
ratio, 

(iv)  For  searoh  oases,  glisipee  distributions  other  than  the  assumed  uniform  distribution  oust 
be  modelled. 
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(v)  Effeots  of  to  min  soreening  need  to  be  modelled  for  both  search  and  no-searoh  oases, 
(vi)  Concepts  of  "Dstsotlon"  and  "Rsoognition"  need  r«oonsid*ration. 

APPENDIX.  SIteUUTICttS  FOR  AIR-TO-O  ROUND  A0<2UISITICH  STUHS3 

1.  Cin4 


Air-to-ground  oina  flint,  obtain*!  foi  a  wide  rang*  of  terrains  and  targets  at  fix*d  speed 
(180  Knot*)  and  fixed  altitude  (2000  feet,  6lOm)  and  prooeesed  under  controlled  conditions,  are  replayed 
under  laboratory  oocditions  ueing  a  baok-projtotlon  faollity^lnoorporating  a  spooled  De  Oud*  Dalft  eorean 
material,  Acquisition  range  Is  oalibrated  from 'frames -to-go,‘ 

2,  Cinrf  -Tele 

Cine*  films ,  as  above,  are  alternatively  displayed  through  a  £23  line  close  oiroult  television 
system.  T.V.  monitoro  to  14"  inch  diagonal  have  been  used  to  provide  dleplays  in  moving  oookpit  simulations. 

3,  Tarravlaion  (as  manufactured  by  R.difon  Ltd) 

A  terrain  is  modelled,  at  a  scale  typioally  of  3OOO1I,  on  a  moving  belt.  A  television  oamera  scans 
the  terrain  through  an  optical  system  so  as  to  simulate  the  view  of  the  ground  through  a  oookpit  window  in 
a  manoeuvring  alroreft.  This  view  oan  be  relayed  directly  on  a  televiaion  monitor  mounted  in  the  oookpit 
simulation  or  recorded  on  video-tape  for  subsequent  reproduction.  The  system  does  not  inolude  a  visibility 
simulation  whloh  is  adequate  for  acquisition  studies  so  is  used  effectively  with  an  itifinite  visibility.  The 
display  quality  ia  poor  although,  part  from  the  absence  of  oolour,  erperiei.oed  airorew  are  not  over  oritioal. 
There  are  range  constraints  in  acquisition  due  to  the  television  system  -  as  the  target  sice  diminishes 
through  the  equivaientof  1  T.V.  line  width,  the  contrast  attenuates  rapidly.  Perepeotiyj  ohaggea  with 
approach  conditions  are  realistically  reproduoed  although  the  field-of-vlew,  rou^ily  30  x  50  ,  ie  somewhat 
lisiited.  Acquisition  range  is  measured  direotly  by  the  belt  drive  system  or  by  calibration  of  elapsed  time 
from  a  defined  start  point. 

4,  8TAF  Systom  (Still-Target  Aoquieitlori  Facility). 

High  quality  still  photographs,  as  positive  transparencies,  are  mounted  on  a  large  translucent 
screen  end  back-illuminated.  In  this  way,  daylight  brightness  levels  oan  be  approaohed.  The  eubjoot  ie 
seated  on  a  motorised  ohair  and  is  moved  towards,  or  away  from  the  screen,  and  normal  to  it,  at  a  controlled 
rate,  over  a  distanoe  of  some  30  feet.  This  represents  a  dive  approach  under  effectively  an  infinite 
visibility  oondition.  Perspective  and  aoreening  across  the  photograph  remain  unrealistically  oonstant  aa  an 
approach  is  madr  but  this  is  considered  of  minor  importance.  Acquisition  ranges  are  usually  measured  in 
terms  of  the  distanoe  between  chair  anu  eorean  and  may  be  oalibrated  as  real-world  doteotlon  ranges  if 
required. 
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SdPMARY 

T\jo  attempts  were  trade  to  elucidate  oocplex  search  situations. 

In  the  first,  using  Howarth  and  Bloomfield's  theoretical  work  as  a  basis,  calculations  were  oade  of 
the  cumulative  search  time  data  likely  to  occur  when  a  target  that  was  an  extreme  example  of  a  distribution 
of  objects  was  presented  among  a  sample  of  these  objects.  The  calculations  covered  variations  in  (i)  the 
target-nontarget  cut  ff  point,  (ii)  the  site  of  the  visual  lebe  area  associated  with  the  target,  and  (iii) 
the  response  time  t)v  .  was  necessary  after  a  target  was  located. 

The  second,  a  simulation  study  making  use  of  the  Monte  Carlo  method,  treated  a  situation  in  which  a 
number  of  targets  were  presented  among  many  nontarget  objects.  A  single  target,  which  had  a  small  visual 
lobe  area  associated  with  it,  was  presented  with  a  variable  number  of  targets,  with  large  visual  lobe  areas. 
The  size  of  the  visual  lobe  areas  associated  with  the  two  kinds  of  target  were  varied,  as  were  the  nuiber 
of  the  large  lobe  area  targets  and  the  length  of  the  response  times  neoessary  after  a  target  had  been 
located.  The  likely  effect  of  these  variations  on  the  time  needed  to  locate  the  single  target  is  reported. 
In  general,  more  time  was  needed  the  smaller  the  lobe  area  cf  the  single  target,  the  greater  the  lobe  area 
of  the  large  lobe  targets,  the  greater  the  number  of  the  latter  present,  and  the  longer  the  response  times. 
The  emulative  curves  obtained  changed  in  shape  as  the  four  variables  altered  in  these  directions.  The 
change  in  Shape  is  likely  to  be  found  with  human  observers  who  adopt  the  most  suitable  strategy  for  locat¬ 
ing  the  small  lebe  area  target. 


Symbols 

Ps  =  probability  of  detecting  a  target  in  a  6ingle  glimpse 

a  s  area  covered  by  the  visual  lobe  in  a  single  glimpse 

A  -  total  search  area 

6  =  eccentricity,  angular  distance  away  from  the  fovea  at  which  a  target  j 

can  be  detected  in  a  single  glimpse  ! 

dg  =  diameter  of  nontarget,  background  discs  5 

d_  =  diameter  of  target  disc  | 

1  i 

m  =  gradient  of  straight  line  obtained  by  plotting  O  against  |dg-dp|  i 

t  =  mean  search  time  j 

t  =  fixation  Time  1 

S  I 

=  response  time  in  fixation  units  j 

x  =  intercept  of  axis,  when  is  plotted  agairet  the  reciprocal  of  Id^-djl  1 

y  -  gradient  cf  straight  line  obtai’red  by  plotting  n  against  the 

reciprocal  of  Idg-djl  r 

P^  -  probability  that  a  target  will  be  found  within  n  fixations 
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A.  INTRODUCTION 

Host  work  on  visual  search  has  involved  simple,  single  target  search  tasks.  In  an  attempt  to  eluci¬ 
date  none  ooeplex  search  situations ,  we  carried  out  two  studies  making  use  of  a  computer.  In  the  first,  we 
made  calculations  of  the  search  times  likely  to  occur  when  a  target  that  was  an  extreme  example  of  a  dis¬ 
tribution  of  objects  was  presented  among  a  sample  of  these  objects.  The  calculations  were  carried  out 
using  as  a  basis  our  previous  theoretical  work  (Howarth  and  Bloomfield,  1;  2;  3).  In  the  second,  a  search 
task  involving  the  location  of  a  number  of  targets  among  many  nontargets  was  simulated ,  using  the  ftonte 
Carlo  method  Ti.e.  employing  a  random  lumber  generator) .  The  studies  were  undertaken  so  that  some  of  the 
variables  of  possible  interest  might  be  singled  out  for  more  detailed  empirical  study.  Also,  some  indi¬ 
cation  might  be  given  of  the  generality  of  the  results  of  a  subsequent  experimental  programme. 


B.  CALCULATION  OF  LOCATION  TIMES  WTIM  A  CONTINUOUS  DISTRIBUTION  OF  TARGETS  AND  N0NTARGE7IS 

1.  Search  situation 

These  calculations  involve  the  following  paradigm.  A  distribution  of  objects  was  considered.  An 
arbitrary  cut-off  point  was  selected.  All  objects  falling  beyond  this  point  were  taken  to  be  targets, 
with  the  remainder  being  nontargets.  Then,  the  cumulative  probability  of  a  target  being  located,  if  one  was 
present,  was  calculated.  The  calculations  covered  variations  in  the  targe t-non target  cut-off  point,  the 
size  of  the  visual  lobe  area  associated  with  the  target ,  and  the  response  time  that  was  necessary  after  a 
target  was  located. 

2.  Functions  used  in  calculations 

The  basis  for  these  calculations  was  provided  by  our  previous  theoretical  work  (Hcwarth  and  Bloomfield, 
1;  2;  3) .  From  the  known  characteristics  of  the  eye,  we  derived  an  equation  relating  the  extent  to  which 
a  target  differs  from  the  nontargets  to  the  time  necessary  to  search  for  it.  Briefly,  this  derivation  is 
as  follows: 

Uve  average  probability  of  detection  in  a  single  glimpse,  p  ,  is  related  to  the  average  area,  a, 
covered  by  the  visual  lobe  in  a  single  glimpse  and  to  the  total  search  area.  A,  as  follows: 

Ps  s  X  (1) 

If  6  is  the  angular  distance  away  from  the  fovea  at  which  the  target  can  be  detected  in  a  single  glimpse, 
then,  on  the  assumption  that  the  area  covered  by  the  visual  lobe  mthe  plane  of  search  is  circular, 

a  s  n  e2  (2) 


(In  fact ,  this  area  is  elliptical ,  out  the  error  in  estimating  a  introduced  by  adopting  an  assinption 
of  circularity  is  relatively  small.) 

Bloomfield  and  Howarth  (3)  empirically  determined  9  for  a  target  disc  presented  among  regularly 
arranged  nontarget  discs.  They  found  that 

me  =  Idg-djl  (3) 

where  d.  is  the  diameter  of  the  nontarget,  background  discs,  d_,  the  diameter  of  the  target ,  and  m  the 
gradient  of  the  straight  line  obtained  by  plotting  6  against  trie  difference  between  these  diameters.  A 
similar  relationship  has  been  sinced  obtained  in  a  more  extensive  experiment  by  Bloomfield(k). 

From  equations  1,2,  and  3,  Ore  relationship  of  p„  to  the  diameter  difference  can  be  derived: 


nCdg-djJ* 

A.m2 


(4) 


The  mean  search  time,  t,  is  dependent  on  the  type  of  search  strategy  that  the  observer  uses.  If  t 
is  fixation  time: 

t 


8  ,1 


t  s  y~  <p  *  1>»  for  an  efficient,  exhaustive  strategy 


rB 


(5) 


and  t  =  for  an  independent  glimpse  strategy. 
ps 

Substituting  (4)  in  (5)  gives 


and  t 


iKdg-d^' 


♦  X)  efficient 


(6) 


t  Am 

fi 


■j  independent 


Since  t  ,  A  and  m  should  be  constants  for  a  given  search  situation,  both  equations  (6)  lead  to 
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t  .  1  (7) 

(dg  -  dj,)"  _ 

providing,  in  the  case  of  the  efficient  strategy,  that  t  is  large  oonpared  to  tg . 

Equation  (7)  was  found  to  fit  data  from  a  nunber  of  simple  search  experiments  involving  the  location 
of  a  target  disc  in  a  display  containing  miny  non target  discs.  It  oould  also  be  adapted  to  fit  data 
obtained  using  a  single  low  contrast  target  in  an  unstructured  background. 

The  calculations  were  carried  out  using  the  assumption  that  the  observer's  fixations  would  be 
independent  of  each  other.  Then,  p  ,  the  probability  that  a  target  would  be  detected  with  n  fixations, 
is  given  by 

Pn  *  1  -  <1  -  Ps><n'V  (8) 

there  is  the  time  needed  to  respond  after  locating  a  target,  in  fixation  units. 

Bloanfield(S)  suggested,  for  location  of  a  single  disc  target  among  a  number  of  non  target  discs,  that 
response  time  is  related  to  the  target-nontarget  diameter  difference,  as  follows: 


"r  1  *  +  Td^r  (9) 

there  x  is  the  intercept  on  the  ru  axis  and  y  is  the  gradient  of  the  straight  line  obtained  then  n 
is  plotted  against  the  reciprocal  of  the  diameter  difference.  1 

The  present  calculations  were  carried  out  using  equation  (8),  with  the  values  of  p  and  n  given 
by  equations  (4)  and  (9)  respectively.  8  T 

3.  Method 


A  population  of  discs  was  considered,  They  varied  in  diameter,  but  were  normally  distributed,  It 
was  assumed  that  on  each  search  trial  a  sample  of  the  population  was  present.  The  mean  of  toe  population 
was  used  as  an  estimate  of  dQ. 

A  cut-off  point  oould  be  selected.  If  a  particular  disc  fell  beyond  this,  it  was  considered  to  be 
a  target.  The  area  beyond  toe  cut-off  point  was  divided  into  segments  of  0.5  standard  deviation  units, 
and  toe  mid-point  of  toe  segment  was  taken  as  an  estimate  of  it6  d,  value.  Then,  for  each  d_  value,  the 
probability  of  toe  target  being  located  on  each  individual  fixation  after  search  ooemenced  wAs  calculated. 
The  probabilities  thus  obtained  were  accumulated  for  twenty  fixations  (the  equivalent  of  between  five  and 
seven  seconds,  assuming  fixation  times  of  1/3  to  1/4  seconds). 

The  search  area,  A,  was  taken  to  be  approximately  that  used  by  Bloomfield  and  Houarth(3) ,  and  the 
value  of  m  used  (m  s  0.02)  was  that  empirically  determined  in  toe  same  study.  The  values  of  x  and  y  were 
taken  as  0.0  and  4.0  respectively.  Bloomfield < S)  estimated  values  approximately  of  0.2  for  x  aid  of  3.4  and 
4.1  for  y  when  using  a  similar,  if  simpler,  situation.  Integer  values  were  used  here  because  the  time 
scale  used  in  these  calculations  was  in  ccrplete  fixations. 

With  this  general  situation,  we  investigated  toe  effects  of  variation  in  toe  position  of  the  cut-off 
point,  in  diameter  difference,  in  toe  visual  lobe  area,  and  in  response  time. 

4.  Calculations  and  discussion 


(i)  Variations  in  target-nontarget  cut-off. 

The  standard  values  of  dg.  A,  m,  x  and  y  were  used .  The  curt-off  point  was  taken  at  0.5,  1.0,  1.5, 
2.0,  or  2.5  standard  deviation  units  from  toe  mean  of  toe  population,  dg.  Calculations  were  made  for 
targets  up  to  4.5  standard  deviation  units  from  toe  mean,  taking  toe  mid-point  of  each  half  standard 
deviation  unit  as  an  estimate  of  d_  for  that  half  unit.  Thus,  for  the  cut-off  of  0.5,  cL  was  0.75,  2.25, 
2.75,  3.25,  3.75,  or  4.25;  while  fir  the  cut-off  of  2.5,  it  was  2.75,  3.25,  3.75  or  4.25: 

For  each  cut-off  point,  the  probability  of  locating  a  target  from  each  possible  half  standard 
deviation  unit  segment  was  calculated  in  successive  fixations.  The  probabilities  were  added  and  accumu¬ 
lated,  giving  toe  overall  probability  of  finding  a  target  for  each  cut-off  point.  In  order  to  oon pare 
different  cut-off  points  directly  these  probabilities  were  divided  by  the  probability  that  a  target  would 
oe  present.  Figure  1  shews  the  results  of  this  procedure.  It  gives  the  cumulative  probability  that  a 
target  will  be  found,  given  that  one  is  present,  for  five  cut-off  points. 

As  the  cut-off  point  is  moved  further  from  the  mean  of  the  distribution  it  becomes  more  probable 
that  a  target  will  be  located  quickly,  since  increasing  the  distance  between  toe  cut-off  point  and  the  mean 
increases  toe  average  diameter  difference  between  target  and  nontarget. 

(ii)  Variations  in  diameter  difference. 

From  toe  above  calculations,  toe  difference  in  time  needed  to  locate  targets  from  different  half  unit 
segments  can  be  shewn.  They  are  illustrated  in  figure  2  using  a  standard  cut-off  point  of  2.5.  The 
figure  shews  toe  cumulative  probability  of  a  target  being  detected  from  each  sequent  beyond  the  cut-off 
point,  given  that  one  is  present. 
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The  figure  shows  a  pattern  of  curves  similar  to  that  obtained  by  Bloomfield(S) ,  in  an  experiment 
involving  search  for  a  single  target  among  a  nuiber  of  larger  nontargets.  As  the  target-nontarget 
difference  increases ,  the  probability  of  a  target  being  found  quickly  increases. 

(iii)  Variations  in  visual  lobe  sue 

Weymouth(6)  suggested  that,  for  a  wide  range  of  experimental  conditions,  there  is  a  simple  linear 
relationship  between  the  size  of  the  target  and  eccentricity,  e,  for  values  of  9  up  to  20  degrees  of  arc 
from  the  fovea,  when  visual  acuity  is  measured  in  linear  units,  ia ,  rather  than  as  a  reciprocal  •  Thus 

la  =  tne  (10) 

He  pointed  out  that  m  varied  with  variations  in  experimental  conditions. 

In  equation  (3),  as  was  replaced  by  |d_-d_| ,  but  it  remains  one  of  the  sane  family  of  equations,  and 
m  varies  with  the  conditions  in  it,  too.  For  example,  M  Firth  in  this  deportment,  has  shown  that  visual 
lobe  size  oontracts  as  nontarget  density  increases,  implying  that  m  would  increase  with  density. 

The  possible  effects  of  variations  in  m  were  calculated  with  the  standard  values  of  the  other 
variables  used.  Figure  3  shows  the  likely  effect  of  changes  in  m  between  0.01  and  0.04.  As  m  increases 

i.e.  as  the  visual  lobe  area  decreases,  the  probability  of  locating  a  target  quickly  decreases. 

(iv)  Variations  in  resoonse  time 
Blocmfield's(S)  equation  for  response  time  was 


"r  1  *  *  I'dg-dj.1  (9) 

Response  time  changes  with  the  complexity  of  the  response  required.  For  example,  if  the  observer 
has  to  mark  by  hand  a  target's  position  or  to  remove  if  physically  from  the  display,  there  will  be  a 
considerable  increase  in  the  time  needed  compared  with  a  task  in  which  he  has  to  release  a  shutter  on 
locating  it.  A  change  of  this  type  would  result  in  an  increase  in  n  for  all  target-ncn target  differences, 
and  vould  be  achieved  by  increasing  x.  The  standard  cumulative  curve  shown  of  figures  1  and  3  would 
simply  be  shifted  along  the  time  axis  by  an  appropriate  constant. 

There  may  also  be  changes  in  y.  Bloomfield 's(S)  estimate  of  y  *  3.4  was  obtained  for  an  irregular 
arrangement  of  nontargets ,  while  his  estimate  of  y  *  4.1  was  for  a  regular  arrangement.  The  regular 
arrangement  appeared  to  make  the  discrimination  of  the  target  from  the  nontargets  more  difficult.  Changes 
in  nontarget  density  probably  have  a  similar  effect.  The  effect  of  y  values  of  1  and  10  are  compared 
with  the  standard  (y  -  4)  on  figure  4.  The  effects  are  not  large-  however,  they  do  not  simply  produce 
shifts  along  the  time  axis,  but  also  a  change  in  curvature. 

(v)  Comment 

These  calculations  indicate  the  likely  effects  of  variations  of  various  kinds.  We  had  hoped  to 
extend  this  approach  to  a  multi-target  situation  but  this  w.s  impractical.  We  therefore  decided  to  use 
a  different  approach. 


C.  SIMULATION  OF  A  HILTT-TAFGET  SEARCH  SITUATION 

1.  Introduction 

Little  empirical  work  has  been  carried  out  in  multi-target  search  situations .  When  a  display  i 

containing  one  target  only  is  presented,  it  is  easy  to  record  the  length  of  time  it  takes  the  observer 
to  locate  it  and  to  check  whether  he  is  correct  in  indicating  its  position.  However,  with  several  targets 
neither  tasv  is  quite  so  simple .  The  observer  has  to  locate  the  targets  by  giving  their  co-ordinate  ) 

positions  on  the  display,  or  by  indicating  their  positions  on  a  chart  or  grid,  or  by  touching  or  pointing 
at  them.  Whichever  response  is  made,  his  search  performance  will  be  interrupted  and  delayed  for  seme  time.  j 

In  addition,  the  response  times  will  accumulate  in  each  search  trial.  Thus,  the  'search  time'  measured 
for  each  target  will  include  a  emulative  response  time ,  which  will  be  greater  the  later  the  target  is 
found.  The  resultant  data  will  be  dependent  on  the  particular  response  required,  and  may  be  quite  specific 
to  the  particular  set  of  experimental  conditions. 

2.  Search  situations 


Hus  simulation  involved  the  following  paradigm,  a  mmber  of  targets  were  interspersed  throughout  a 
™g“fr.anr*y  nontafSe't  Ejects.  A  single  target  that  was  similar  to  the  ron  targets  (and,  therefore, 
hat  had  a  small  visual  lobe  area  associated  with  it)  was  presented  on  each  trial  with  a  variable  mitber 
°f  targets  that  were  different  from  the  nontargets  (and  had  a  large  visual  lobe  area).  The  size  of  the 
visual  lobe  areas  associated  with  both  kinds  of  target  were  varied,  as  were  the  number  of  large  lobe  area 
targets  and  the  length  of  the  response  times  necessary  after  a  target  had  beer,  located. 


3.  Method 


A  regular  20x20  array  of  objects  was  represented  internally  in  the  computer.  One  object  represented 
asaail  lobe  target  and  a  meter  of  others  represented  large  lobe  targets.  The  remainder  were  designated 
nontargets.  _ Lobe  size  was  a  function  of  the  radius  of  the  circle  surrounding  the  target  within  which  an 
observer  would  have  to  fixate  in  order  to  see  it  (a  hard  shell  visual  lobe  is  assured). 
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I*  was  assured  that  all  the  observer's  fixations  would  fall  on  objects,  whether  targets  or  non- 
targets,  but  that  otherwise  they  would  fall  at  random.  The  actual  positions  were  chosen  by  means  of  a 
pseudo-random  nmfcer  generator. 

A  further  assumption  was  that  the  observer  searched  for  both  targets  simultaneously.  On  each 
fixation  the  number  of  large  lobe  targets  that  fell  within  the  visual  lobe  area  was  noted.  Each  time  one 
of  these  targets  occurred,  a  time  delay  was  introduced:  the  delay  represented  the  time  needed  for  a 
response  to  the  target  to  be  made.  Also  on  each  fixation,  a  check  was  made  whether  the  small  lobe  target 
was  near  enough  to  the  centre  of  fixation  to  be  seen.  If  it  was  not,  the  search  continued.  However,  If 
it  was  found,  the  search  trial  was  terminated  and  the  time  taken  to  locate  this  target  was  recorded. 

All  the  data  reported  here  is  in  terms  of  this  time.  All  times  were  measured  in  complete  fixation  units. 

There  were  two  small  lobe  targets  (their  lobe  areas  covered  5  and  13  positions  in  the  display)  and 
three  large  lobe  targets  (whose  areas  covered  25 ,  45  and  77  pocitions).  2  or  8  or  32  large  lobe  targets 
(of  one  particular  lobe  area)  were  presented.  The  length  of  the  time  delay  was  1  or  2  or  4  fixations. 

Thus,  there  were  2x3x3x3  *  54  conditions.  Each  condition  was  simulated  for  100  trials. 

4.  Results  and  discussion 

(i)  Variability  of  the  data 

In  order  to  give  an  indication  of  the  variability  possible,  the  simulation  was  repeated  ten  tires 
for  one  condition  (snail  lobe  target  5,  large  lobe  target  25,  number  of  large  lobe  targets  32,  time  delay 
2).  The  resultant  emulative  distributions  are  shown  on  figure  5.  The  spread  of  distributions  is 
representative  of  irtose  likely  to  be  obtained  for  all  conditions  involving  32  large  lobe  targets.  The 
spread  would  be  less  for  those  involving  fewer. 

(ii)  Number  o',  large  lobe  targets 

There  were  18  comparisons  trade  for  the  three  nmber  conditions  (one  for  each  combination  of  small 
lobe  target,  large  lobe  target  and  time  delay) .  In  all  cases,  the  small  lobe  target  took  longer  to  find 
the  more  large  lobe  targets  there  were  present,  figures  6  and  7  show  the  effect  for  two  extremes.  With 
a  mail  lobe  target  13,  large  lobe  target  25,  and  the  shortest  delay  1,  the  fastest  times  for  all  three 
nurber  .enditions  were  achieved  (as  shown  on  figure  6).  Whereas ,  the  combination  of  small  lobe  target  5, 
large  1/jbe  target  77,  and  the  longest  delay  4,  produced  the  longest  times. 

On  both  figures,  as  on  the  other  16  possible  graphs,  there  was  a  considerable  difference  between 
the  distributions  for  8  and  32  large  lobe  target  conditions ,  the  effect  being  more  narked  as  the  small 
lobe  area  is  reduced,  and  the  large  lobe  area  and  the  til*  delay  are  increased.  The  difference  between 
distributions  achieved  with  2  and  8  large  lobe  targets  is  smaller  for  all  the  comparisons . 

(iii)  Variations  in  small  lobe  area 

There  were  27  comparisons  made  between  the  two  small  lobe  areas  selected.  Those  illustrated  on 
figures  8  and  9  again  shown  the  extremes  of  those  conditions  investigated.  On  figure  8  the  comparison 
between  small  lobe  areas  5  and  13  can  be  made,  for  all  three  number  conditions,  with  large  lobe  area  25 
and  delay  1.  On  figure  9  a  similar  comparison  is  possible,  again  for  all  three  ranbar  conditions,  with 
large  lots  area  77  and  delay  4. 

Both  figures  illustrate  the  considerable  difference  made  by  changing  the  similarity  of  the  target 
to  the  nontargets  (and,  therefore  changing  the  visual  lobe  area  associated  with  the  target).  The  effect 
is  shown  ju3t  as  clearly  for  all  possible  comparisons ,  and  is  comparable  to  the  effect  shewn  in  figure  2 
in  the  first  section  of  this  paper. 

(iv)  Variation  in  large  lobe  area. 

There  were  18  comparisons  of  the  effect  of  increasing  the  large  lobe  area  on  the  time  needed  to 
detect  the  small  lobe  target.  Figure  10  shows  two  of  them.  They  are  for  2  or  32  large  lobe  targets, 
small  lobe  target  5  and  delay  4. 

The  time  needed  to  locate  the  small  lobe  target  is  affected  by  variations  in  the  large  lobe  area, 
but  it  is  not  a  large  effect.  Sore  of  the  other  16  comparisons  showed  as  large  an  effect  as  those  of 
figure  10,  but,  for  others  particularly  those  combinations  giving  the  shortest  search  times,  no  effect  at 
all  was  noticeable. 

(v)  Variations  in  response  time  delay 

There  were  18  comparisons  between  response  time  delay.  The  largest  differences  achieved  are  shewn 
on  figures  11  and  12,  both  with  small  lobe  target  5  and  lacge  lobe  target  77.  Figure  11  shews  the  differ¬ 
ences  for  2  large  lobe  targets,  figure  12  for  32. 

In  both  cases,  the  longer  the  response  time  delay,  the  greater  the  time  needed  to  locate  the  small 
lobe  target.  Similar  effects  were  obtained  for  most  of  the  other  16  comparisons .  The  greatest  effects  of 
delays  occurred  with  32  large  lobe  targets.  With  8  large  lobe  targets  the  effect  is  always  present,  if 
sometimes  slight.  While  with  2  large  lobe  targets,  it  Is  less  noticeable,  and  for  the  fastest  time  condi¬ 
tion  (small  lobe  target  13,  large  lobe  target  25)  it  disappears  altogether. 

A  change  in  the  shape  of  die  emulative  cumulative  curve  occurs  in  some  cases  as  delay  time  is 
increased .  It  is  Illustrated  in  figure  12.  Similar,  though  less  pronounced  changes  were  noted  for  the 
following  conditions:  small  lobe  target  5  with  32  large  lobe  targets  of  areas  45  and  25,  small  lobe  target 
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'igure  8:  cumulative  distributions  for 

targets  S  and  13,  with  2,  8  and  32 
large  lobe  targets  of  area  25,  and 
delay  1. 
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figure  9:  emulative  distributions  for  targets 
5  and  13,  with  2,  8  and  32  large 
lobe  targets  of  area  77,  and  delay  4 


TIME 


Figure  lOi  cumulative  distributions  vlth  large  lobe  targets  ?5,  45 
and  77,  for  target  5,  with  2  and  32  large  lobe  targets 
and  delay  4« 
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13  with  32  large  lobe  targets  of  areas  77  and  45.  It  is  possible  that  a  similar  change  in  the  shape  of 
the  cumulative  distributions  oould  occur  with  human  observers. 

In  search  situations  that  involve  incomplete  target  information  (i.e.  where  there  is  uncertainty 
about  what  the  observer  should  look  for)  BloomfieldC?)  suggested  that  observers  can  adopt  at  least  two 
strategies.  In  the  first,  a  scan  pattern  suitable  for  locating  the  easier  targets  is  chosen.  After  it 
has  been  carried  out,  they  adopt  a  pattern  mere  suitable  for  targets  slightly  more  difficult,  and  so  on. 
With  a  strategy  of  this  kind,  there  would  not  be  the  change  in  distribution  shape  obtained  here:  instead, 
with  a  fairly  constant  shape,  it  would  merely  be  shifted  along  the  time  axis. 

The  second  strategy  is  directed  towards  locating  the  most  difficult  target  as  quickly  as  possible. 
Easier  targets  would  be  found,  as  a  matter  of  oourse,  though  the  search  times  for  them  would  be  longer 
than  if  they  were  specifically  searched  for.  The  result  of  such  a  strategy,  if  applied  to  a  situation 
like  that  simulated  here,  should  be  to  produce  a  change  in  the  shape  of  tie  distributions  for  difficult 
targets  with  increases  in  the  time  needed  to  respond, 

(vi)  Cement. 

This  simulation  study  investigates  several  variables  likely  to  affect  multi-target  situations. 

We  already  know  that  it  has  not  taken  into  account  one  important  effect.  There  are  suggestions  from 
empirical  work  now  in  progress  that  an  increase  in  the  number  of  large  lobe  targets  adversely  affects 
the  detectability  of  small  lobe  targets ,  so  that  sometimes  they  are  not  detected  at  all. 
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DISCUSSION 


Dr  Vos  (Netherlands) 

How  far  it  your  work  related  to  th«  practical  situation  of  an  out-of-cockpit  eearch  at  opposed  to  e 
radar  situation?  I  niastd  the  concept  of  false  retponsas  in  your  argument  when  you  were  talking  merely 
about  cha  probability  of  detection. 

Mr  Dewey  (UK) 

Yes,  it  does  in  part  relate  more  to  radar  or  sonar  displays,  but  does  also  fit  data  associated  with 
one  target  in  an  unstructured  field.  Mott  of  our  experiments  involve  beckgrounda  with  more  than  one 
target,  however.  False  positive  responses  warn  exceedingly  rare.  Subjects  were  almost  always  right, 
and  when  they  were  wrong,  chey  almost  always  corrected  themselves  quickly.  So  false  responses  were  not 
incorporated,  but  we  should  now  perhaps  cake  the  problem  more  serioualy. 

Dr  Vos  (Netherlands) 

But  at  first  sight  of  a  piccure,  isn't  there  a  fair  chance  of  getting  a  false  response? 

Mr  Dewey  (UK) 

Yes  undoubtedly. 

Dr  Huddleston  (UK) 

Did  you  want  Co  say  a  little  about  altering  observers'  criteria  to  see  what  happened  to  false 
responses? 

Mr  Dewey  (UK) 

This  model  is  one  purely  in  terms  of  a  visual  lobe  wich  a  hard  shell.  It's  not  a  model  in  the 
tradition  of  signal  detection  theory  where  criteria  and  efficiency  can  be  modified.  Perhaps  this 
should  be  incorporated.  It  would  take  time,  however,  since  these  simulations  run  on  our  quite  slow 
machine.  Our  earlier  model  fits  quite  well  without  incorporating  these  refinements,  however. 


51 


HVt 


The  Effect  of  Complex  Backgrounds  on  Acquisition  Perform  Jice 

by 

11.  B.  Brown 

British  Aircraft  Corporation  Ltd. 

Suided  weapons  Division 
niton  House 
niton 
Bristol 
England 


SUMMARY 

The  relationship  between  the  subjective  effect  of  structured  target  backgrounds  at  ic ruloltion 
performance  and  physical  attributes  of  the  scene  luminance  structure  is  being  invest igstcJ  oath  tneoreti'’- 
ally  and  experimentally.  This  paper  descrioes  the  theoretical  attempts  to  classify  vx-ious  aspects  A  comp¬ 
lexity  and  an  experiment  which  was  carried  out  using  synthetic  target  material.  The  results  snowed  that 
certain  targets  are  more  easily  recognised  than  others  for  all  the  complex  background!  used,  -mi  also 
indicated  that  recognition  may  be  regarded  ae  the  detection  of  detail.  A  large  variaoility  ce tween  junjects 
was  observed.  Part  of  this  variation  can  be  attributed  to  eyesight  differences  and  to  experience. 


INTRODUCTION 

The  Target  Acquisition  Group  at  BAC(Gw'), Bristol  is  engaged  in  a  study  of  the  acquisition  of  ground 
targets  from  low-flying  aircraft.  The  investigation  into  the  effect  of  complex  backgxxunda  is  a  part  of  this 
study.  This  paper  describes  the  theoretical  and  experimental  efforts  made  so  far  in  this  continuing  study. 

On  the  theoretical  aide,  various  aspects  of  complexity  have  been  defined.  This  has  be«r.  done  for  two  main 
reasonsi  firstly,  it  helps  to  clarify  the  constituents  of  a  complex  background,  and  tt>e,  it  li  hoped,  loads 
to  better  understanding  and  communication  of  ideas!  and  secondly  it  makes  experiments  lass  aselgusus,  riaee 
complexity  classes  can  be  studied  separately.  It  ia  not  claimed  that  the  classes  deficed  hare  are  distinct. 
Certainly  there  must  be  interactions  between  classes,  and  the  effects  produced  ay  there  must  nat  b«  ignored. 
However,  it  seems  clear  that  an  experimental  approach  based  on  separate  complexity  classes  gives  the  best 
chance  of  obtaining  the  problem  solution. 

COMPLEXITY 

The  tprm  complexity  is  generally  used  in  a  rather  loose  way.  If  a  useful  scale  for  assigning  a 
complexity  value  to  a  scene  or  acquisition  task  is  to  be  obtained,  complexity  must  be  ueftnwd  in  relation 
to  some  scene  or  task  which  is  acknowledged  as  being  simple.  A  particularly  appropriate  srt  cf  a at a  which 
could  be  used  in  this  way  are  those  from  Blackwell's  experiments  using  discs  on  a  plal>,  background  ( 1 ).  A 
complex  acquisition  ia  therefore  one  which  produces  threshold  contrsst/aize  values  it: t  differ  fioc  those 
predicted  from  Blackwell's  infinite  viewing  time  data  using  the  earns  area  and  contrast  values.  (This  defin¬ 
ition  assumes  that  both  contrast  and  area  can  be  defined.  This  may  present  eome  difficulties  if  the  target 
or  the  background  immediately  surrounding  it  has  a  luminance  structure.  Both  contrast  and  area  may  then  have 
more  than  one  possibly  value.)  The  definition  given  here  means  that  an  acquisition  excircise  can  be  complex 
either  because  the  task  conditions  are  different  to  those  in  Blackwell's  experiment,  i.j.  dynamic  viewing, 
finite  search  time,  or  because  the  stimulus  is  not  a  disc  on  a  plain  background,  e.g.  structured  backgrounds, 
different  shapes.  It  is  convenient  to  distinguish  between  these  two  cases  by  labelling  them  task  caarploxity 
and  scene  complexity  reEpeotively. 

Having  set  up  an  origin  from  which  to  measure  acquisition  complexity,  scene  ucmpieuty  suet  noe 
be  defined  in  terms  of  physical  measures.  The  word  complexity,  when  applied  to  a  scams,  (.escribe*  the  hetero¬ 
geneity,  or  variety,  Or  dissimilarity,  of  parte  or  dimensions  of  that  scans.  Since  heterogeneity  can  exist 
with  respect  to  a  large  cumber  of  variables  (e.g.  object  size,  shape,  luminance,  spaclig,  pattern,  etc.)  it 
may  be  considered  that  there  are  as  many  kinds  of  complexity  as  there  are  variables.  However,  fer  our  pur* 
poses  we  shall  define  two  olassee  which  we  believe  are  exhaustive.  The  first  elase  describes  a  scene  cont¬ 
aining  objects  which  are  similar  in  size,  shape,  and  luminance  to  the  target,  Tig.  1(a).  lease  non- target* 
may  be  confused  with  the  target,  and  thus  we  have  labelled  this  type  of  complexity  wlti  the  tern  con fusibility . 
The  other  class,  which  has  been  termed  complicacy,  describes  a  situation  share  the  target  ia  'embedded'  in 
an  area  of  varying  luminance,  Fig.  l(b).  The  target  may  also  not  be  of  s  single  1  uni nonce i  this  caau  is  also 
included  in  complicacy. 
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o'  tj  ««un:«i  ire  separated  into  two  classes,  one  containing  subjective  assessments,  the 

abbs'  thyeica!  axxsures-  The  iVtyalcal  aeaeures  are  the  result  of  mathematical  operations  (or  their  optical 
or  o.ct.-a..'  anal  wuai)  on  the  scene  lual  nance.  Subjective  measures  can  be  obtained  empirically.  The  baslo 
siSjectu  r  cetiar*  it  ttvi*.  obtained  from  an  acquisition  task,  as  mentioned  earlier.  A  second  type  of  sub¬ 
jective  ii?rsseaer.t  ••vs:,  be  obtained  from  a  ranking  experiment  in  which  scenes  are  ranked  on  tlie  basis  of 

iht;*  \rit  4  large  •uaber  of  says  of  describing  the  scene  luminance  structure,  e.g.  entropy,  mean 
Gcir.r  oral  I*-.. .  -ss  erasure  which  expresses  the  degree  of  similarity  of  a  target  with  ita  background  is  the 
cross -ccrr,.. Ation  Tujicticn.  Because  of  ite  relevance  to  the  experiment  described  hereit  will  be  treated  in 
■ivc  A  ,v,-:  •.•tailed  treatment  of  mean  scene  gradient  and  entropy  ie  given  in  (2),  and  other  poss- 

<ble  aetaure.  -v.t  th nr  limitations  are  discussed  in  (3).  The  cross-correlation  function  ie  given  by 

«o 

C(x',y')“||  T(x,y)L(x-x',y-y')dxdy 

•rtero  f (x,y)  uJ  L(x,y)  are  the  target  and  background  luminance  structures  respectively.  The  inter¬ 
filing  pvcpe tty  c-T  Q\i' is  that  if  the  background  contains  an  object  similar  to  the  target  at  xn,yn> 
then  ;*rg *  ie*  of  il(i  .y')  occur  in  the  vicinity  of  xA»xn,  y'-yn«  The  relationship  between  the  object  and 

cronA-c-irrw; 'Aior  plane*  is  demonstrated  in  Fig.  2.  It  eeeme  clear  that  the  crose-correlation  function  has 
prep*  rti»»  i'lut  raxes  it  •  candidate  for  a  measure  of  confusibility. 


Fig.2  The  relationship  between  Objeota  and  Cross-correlation. 
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i.  experiment  was  carried  out  to  investigate  the  effects  of  confusibility  on  recognition  perform- 
This  experiment  utilised  the  STill  Acquisition  Facility  (STAF)  at  BAC,  Bristol.  Basically,  this  con- 
a. »ts  of  i  ,ooo  at  one  end  of  which  there  is  a  large  back-illuminated  perBpex  screen.  Target  stimuli  are 
presented  c>  this  screen  to  a  subjeot  (s)  who  aits  in  a  motorised  chair.  The  chair  may  be  driven  either  for- 
*trlj  or  backwards  by  the  S.  An  acquisition  is  marked  by  the  position  of  the  chair  when  the  S  stops  it.  The 
♦.erg el  sliauli  .oemaelvea  are  produced  on  photographic  transparencies  and  fixed  to  the  screen  during  an  exp¬ 
eriment  .i  run.  The  dimensions  of  the  STAF1  room  limit  the  maximum  range  to  23ft. 

In  the  experiment  the  stimuli  were  scenes  consisting  of  an  array  of  relatively  simple  shapes.  Four 
ii  iferer.b  targets  (T's)  were  used.  Fig.  3,  and  each  T  was  embedded  in  an  array  of  similar  shapes  (NT's). 

Such  ana/*,  including  the  T's,  was  constructed  from  six  unit  squares,  with  the  constraint  that  each  one  must 
have  a  base  j:'  at  least  three  units  in  t  horizontal  line.  The  NT’s  were  arranged  around  the  T  in  a  5x5  matrix. 
U  JFT'S'i’T).  ’’he  T  wae  constrained  to  lie  within  the  central  3x3  matrix,  so  as  to  eliminate  edge  effects, 
fiywever,  it  was  decided  to  present  some  scenes  with  T's  on  the  edge  so  that  the  S's  would  not  limit  their 
vearen  to  the  central  area.  The  results  for  these  particular  scenes  would  not,  of  course,  be  included  in  the 
xaln  a.ielysls. 


Block  with  all  similar  shapes 


Fig. 3  The  Targets  and  a  typioal  ooaplsx  soene. 


Different  levels  of  confusibility  were  achieved  by  grading  the  NT's  on  a  similarity  scale  independ¬ 
ently  for  each  T.  The  peak  value  of  the  cross-correlation  between  the  T  and  NT  was  used  for  the  grading.  The 
FT'*  were  divided  into  two  sets,  the  members  of  one  being  classed  as  similar,  members  of  the  other  being 
celled  dissimilar.  For  any  T,  similar  shapes  wars  arbitrarily  chosen  as  having  a  peak  correlation  of  5-Ithe 
autocorrelation  was  6),  the  rest  being  dissimilar.  Scenes  containing  all  similar  NT's  and  all  dissimilar  NT's 
were  constructed,  ao.well  as  scenes  containing  a  mixture  of  the  two  claseee.  Thsee  mixed  soenes  were  cons- 
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trueted  so  that  any  effect  due  to  the  closeness  of  similar  NT's  to  the  T'a  would  be  found.  This  led  to  aoenee 
whioh  contained  similar  Vi's  near  to  the  1  with  dissimilar  ones  further  away,  and  scenes  whioh  had  the  rsv- 
eras  configuration,  dissimilar  near-similar  far.  A  typical  scene  is  shown  In  Fig.  3.  Une  other  variable  was 
introduced  into  the  experiment.  This  was  packing  density,  that  is  the  spacing  between  the  We.  Two  levels 
were  uaed,  one  being  representative  of  a  town  scent,  the  other  being  similar  to  that  which  might  occur  in  a 
country  scene. 

Before  produolog  the  experimental  transparencies  a  pilot  experiment  was  carried  out  to  determine 
the  site  and  oontrast  of  the  shapes  to  be  used.  The  3'a  used  here  were  several,  members  of  the  Target  Acquis¬ 
ition  Croup  who  would  not  be  taking  part  in  the  rest  of  the  programme.  Sixteen  S's  wore  used  for  the  main 
experiments,  end  they  were  chosen  so  that  8  oould  be  olaseed  as  experienced  and  6  as  naive.  The  criterion 
for  dhooelng  experienced  and  naive  S's  was  whether  or  not  the;  had  participated  In  previous  STAF  experiments 
or  been  actively  engaged  in  visual  acquisition  studies.  Any  person  engaged  in  any  work  concerned  with  the 
complexity  problem  was  barred  from  the  experiment. 

The  first  experiment  consisted  of  presenting  four  T's  with  either  none,  three,  or  four  similar 
shapes  closely  grouped  around  them.  The  S's  wars  also  shown  transparencies  without  a  X,  i.e.  with  only  back¬ 
ground  shapes  on  them.  The  purpose  of  this  experiment  was  to  provide  a  comparison  for  evaluating  the  results 
for  the  complex  situations.  After  this  the  S's  were  trained  using  the  complex  stimuli.  The  training  consisted 
of  presenting  8  transparencies  similar  to  those  which  would  be  used  in  the  experiment  proper.  Each  of  the 
four  T'e  was  presented  twice,  once  at  low  and  once  at  high  packing.  Also  all  the  shape  distributions  were 
covered  twice.  After  the  training  the  S's  were  shown  the  32  scenes  containing  4  T'e,  4  shape  distributions, 
and  2  pecking  densities.  Extra  transparencies  with  T's  on  the  edge  of  the  5x3  matrix  were  also  included  as 
mentioned  earlier.  The  order  of  presentation  was  randomised  to  minimise  any  effects  due  to  learning,  fatigue, 
etc.  The  briefing  for  these  two  experiments  consisted  of  a  short  description  of  ths  aims  of  the  experiments 
and  the  target  stimuli.  The  S's  were  then  asked  tc  ‘look  at  the  transparency,  and  as  the  chair  moves  forward 
to  study  the  shapes  until  you  can  see  the  designated  shape.  As  soon  as  you  can  sss  it  prsss  ths  switch  to 
stop  ths  chair,  and  then  point  out  that  shape  which  you  consider  to  bs  the  correct  one.’  The  S's  wers  not  told 
whether  they  had  made  a  correct  recognition  or  not.  After  the  experiment  they  were  also  asked  to  rank  the 
T’s  in  order  of  difficulty.  General  comments  about  ths  exDeriment  were  also  solicited. 


ttg.4  Results  of  ths  first  experiment 

EXPEKIUEHTAL  KESl'lTS 

The  results  of  the  first  experiment  are  shown  in  Fig.  4.  Here,  0,  +3,  +4,  refer  to  the  number  of 
HT'a  surrounding  the  T.  There  wae  a  considerable  number  of  recognition  mistakes ,  67  out  of  a  total  of  323, 
and  this  meant  that  a  full  analysis  could  not  bs  performed.  Host  of  ths  mistakes,  51,  ocourred  for  runs  where 
a  T  was  not  present.  Also  the  mean  recognition  ranges  were  lower  for  the  no-T  runs.  Although  the  S’s  were 
told  that  T's  would  not  be  present  on  some  transparencies,  they  found  it  more  difficult  to  decide  that  this 
was  so  than  to  recognise  one  of  the  T'a.  Pig.  4  hos  been  plotted  using  estimated  results  for  the  inoorreot 
recognitions.  Thl«  has  obviously  greatly  affected  the  results  for  the  no-T  cases. 

The  data  obtained  from  the  main  experiment  was  divided  into  three  sets  for  ths  analysis,  all  16 
S's,  8  experienced  S's  only,  and  8  naive  S's  only.  A  test  for  normality  was  carried  out,  using  a  ranking 
method  to  estimate  ths  probability  of  a  particular  range  soors,  and  using  this  the  range  scores  were  plotted 
on  normal  probability  paper.  These  plots  were  linear  over  a  15-8Q»  probability  range,  and  it  le  fair  to  con¬ 
clude  that  the  range  scores  are  normally  distributed.  Ths  missing  data  due  to  false  recognitions  were  estim¬ 
ated  by  a  method  of  Bennett  and  Franklin  {4}.  The  missing  cell  entries  were  small  compared  to  ths  eizs  of 
the  experiment,  and  the  estimation  of  missing  data  was  unlikely  to  oonfound  the  analysis.  A  four  factor  an¬ 
alysis  of  variance  was  performed  for  each  of  ths  three  seta  of  3's.  Ths  results  are  shown  in  Table  1.  All 
the  main  effects  and  most  of  the  first  order  interactions  wers  significant  (p<0.5).  Also  ths  three  sets  were 
very  similar,  tho  main  difference  being  ths  non-eignlfioant  effect  of  pecking  density  for  the  naive  S's. 

The  four  main  affects  are  shown  in  Fig.  5-  Ths  experienced  S's  found  ths  acquisition  task  signif¬ 
icantly  sore  difficult  at  ths  highsr  packing  density,  but  no  difference  in  packing  wao  fomd  with  the  naive 
S's.  The  reason  for  th.s  la  illustrated  by  the  subject/packing  density  interaction.  Fig.  6  shows  that  ae  the 
S  finds  the  task  more  difficult  ths  difference  between  the  effects  of  packing  becomes  smaller*  Since  tbe  naive 
S's  in  general  obtained  lower  ranges  than  ths  experienced  S's,  ths  effect  of  packing  wre  lower  for  the  former 
set.  These  effects  are  thought  to  be  a  function  of  confidence  level,  and  such  trends  are  geneial  throughout 
the  results,  the  naive  S's  producing  lower  acquisition  ranges  than  the  experienced  S's  with  differences  in 
effects  also  being  smaller. 

The  difference  betw,  n  ths  means  of  ths  two  S  sets  was  2.1ft.,  or  a  21.5"/»  reduction  in  range  tor 
the  naive  set.  If  the  maximum  old  minimum  mean  values  are  considered,  the  variation  is  55b*  of  the  maximum 
value.  Part  of  thle  variation  may  be  due  to  differences  in  S's  visual  acuity  (Va).  The  average  VA  (measured 
using  3nellen  letters)  for  tne  two  groups  were  6/6  (experienced)  and  6/7.5  (naive).  It  ie  worthwhile  noting 
that  the  ratio  of  the  group  mean  recognition  ranges  (7.75/9.68*0.79)  is  approximately  equal  to  the  ratio  of 
the  group  ,.,wi  v*'s  (6/7. 5*0.8).  Also  the  maximum  and  minimum  ranges  were  recorded  for  S's  who  had  Vi  values 
of  b/5  and  6/10  respectively.  In  Pig.  7  VA  has  been  plotted  against  mean  S  performance.  A  Spearman  rank  diff- 
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•r«ao*  analysis  gmws  a  oorrelatlon  of  0.47 1  whioh  Is  significant  it  Uto  %  level.  Thu  although  tho  offset 
of  packing  denaity  1*  highly  significant,  it  la  smaller  than  tho  variation  In  8'a  Man  psrfoxmtnoe. 

Tho  affaot  of  targvt  typo  la  shown  in  H g.  5(b).  Tho  dlffaranoa  batooon  tho  blook  and  castle  was 
net  aignifleant  Both  aata  of  S' a  aho>  a  similar  trend.  A  eon  pari  a  on  olth  tho  results  of  subjective 

ranking  of  tho  T'a  In  order  of  difficulty  ohoeed  a  high  correlation  between  the  too  aata  of  reeulte,  the 
ranking  produolng  the  order  (eaaleat  flrat)  line,  ohuroh,  oaatlet  blook.  The  ranking  one  very  oonalatent 
between  S' a  (see  Table  2). 


Table  2 


Canfuelblllty  a s  defined  earlier  alao  appeared  a a  a  significant  of foot,  llg.  5(o),  Here  there  app- 
earo  to  be  no  elgnlfloant  difference  between  the  stimuli  with  nixed  aonfuelbility,  l.o.  similar  objeote  near* 
set  the  T  with  dissimilar  ones  farther  away,  and  the  reverse  case.  However  there  is  a  significant  dlfferenoe 
bets eon  all  similar  NT's  and  all  dissimilar  NT's.  Also  the  eonfUalbllity  faotor  had  no  effeot  for  the  ohuroh. 
It  is  useful  to  compare  the  results  with  Blnokwell'e  for  the  deteotion  of  discs  on  a  plain  background,  and 
also  to  some  experimental  results  obtained  from  two  trials  Involving  the  deteotion  of  ground  objects  from 
low-flying  aircraft.  In  the  first  trial,  oalled  VS  I,  the  aircraft  wae  flown  at  an  allitudw  of  1000ft.  or 
less,  and  the  T'a  were  mainly  in  open  terrain  (N.  Scotland).  In  the  second  trial,  V3  II,  the  aircraft  wae 
flown  at  1000ft.  altitude,  and  the  T's  were  in  more  complex  situations,  e.g.  In  towns.  Details  of  these  two 
trials  can  be  found  In  (5)  and  (6)  respectively.  In  Tig.  8  contrast  and  size  thresholds  have  been  plotted 
for  all  these  results,  and  Blackwell's  15-second  ssaroh  time  data  is  also  shown  (Blackwell's  published  data 
has  been  factored  to  give  a  9554  probability  of  deteotion).  The  oontrast/slze  thresholds  from  the  complexity 
experiment  lie  oloae  to  the  field  trials  for  ths  more  complex  T'e.  If  the  size  thresholds  are  reduced  by  a 
faotor  of  six,  the  threshold  values  beoooe  very  much  oloaer  to  the  Blackwell  ourve.  This  result  would  apply 
If  the  recognition  task  Is  to  be  considered  to  be  one  of  detecting  the  individual  blocks  which  comprise  the 
shapes.  Thus  there  is  some  Indication  that  reoognltion  may  be  regarded  ae  the  deteotion  or  discrimination 
of  detail. 


Contrast 

Tig. 8  Threshold  siis/oontrast  values 


SUBJECTS  COMMENTS 

Ths  3's  were  asked  to  give  their  impressions  of  this  acquisition  tssk.  One  general  comment  oon- 
oemei  the  eesroh  procedure  used.  At  rAngvt  large  oomparsi  to  the  final  reoognltion  ranges  the  S's  oould 
isolate  a  few  objeots  whioh  they  thought  oould  be  the  T.  They  tbet  oonoentrated  on  these  until  they  could 
discriminate  the  T.  They  also  expressed  ths  view  that  this  discrimination  ooourrsd  rather  abruptly.  This  sub- 
Jeotive  impression  suggests  that  toms  funotion  of  ths  correlation  of  the  T  with  the  NT's  might  well  be  a  good 
measure  of  confuel cllity .  The  S's  also  oommentad  on  interaotion  effsots  at  the  high  packing  density  level. 
When  ths  objects  were  olosely  paoked  it  was  difficult  to  distinguish  them,  i.e.  s  merging  of  the  NT's  took 
plaoe.  In  eons  oases,  discrimination  between  osrtain  shapes  was  easier  whan  they  wtrs  closer  together.  Tree- 
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usably*  comparisons  between  shapes  can  be  made  more  easily  in  this  case. 

CHOSS-CORrtEUTICNS 

The  orosB-oorrelation,  as  defined  earlier,  was  found  for  each  transparency.  This  was  done  b y  a 

manual  computation,  a  digital  representation  being  used.  The  levele  were  0 . 5>6,  and  a  typical  result 

is  shown  in  Fig.  9.  Here  the  larger  squares  show  the  position  of  NT's  which  were  classed  as  similar,  in  this 
example  there  being  9.  Now,  the  simplest  description  of  confusibility  would  be  based  on  the  number  of  corr¬ 
elation  peaks  above  a  certain  threshold  value,  and  in  this  oase  a  level  of  4-5  would  have  tc  be  used.  In 
Fig.  10  the  mean  recognition  ranges  have  been  plotted  against  the  nuabor  of  correlation  peaks  greater  than 
4.9  for  each  T  at  low  paoking.  The  results  for  high  packing  were  not  used  as  the  correlation  for  eaoh  NT 
overlapped  with  those  from  adjacent  NT's.  The  line  and  blook  show  a  marked  decrease  in  recognition  range  as 
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the  number  of  correlation  peaks  increases.  The  church  and  castle  do  not  show  suoh  an  ef foot,  although  the 
range  of  correlation  peaks  for  the  castle  is  very  email.  Thus  there  ie  some  evidence  that  number  of  corr¬ 
elation  peaks  is  linked  with  difficulty  Of  recognition  in  a  confusible  scene,  particularly  with  simply  shaped 
T'e,  i.e.  line  and  block.  Obviously  it  does  not  explain  the  results  for  ths  two  other  T's.  It  in  possible 
that  the  shape  of  the  croeB-coirelatron  is  also  Important.  Also  it  must  be  pointed  out  that  the  range  of  corr¬ 
elation  peaks  obtainable  using  all  combinations  of  the  four  T's  with  the  NT's  is  very  small.  The  minimum 
value  of  correlation  peak,  3,  is  determined  by  the  construction  rule  that  constrained  all  shapes  to  have  a 
bass  of  at  least  three  units,  whilst  the  maximum  value  ie  6,  the  autocorrelation  level.  Furthermore,  the  min¬ 
imum  value  is  only  obtained  when  one  of  the  two  shapes  being  correlated  is  the  line.  In  other  oases  the  min¬ 
imum  value  is  4,  as  in  Fig.  9*  Thus  for  the  ohuroh,  castle,  and  block,  the  difference  between  similar  and 
dissimilar  shapes  Is  quite  email  in  terms  of  cross- correlation  peaks,  and  this  is  a  possible  reason  for  the 
small  effect  on  recognition  range  of  tho  confusibility  factor. 

CONCLUSIONS 

The  results  of  this  experiment  suggest  that,  when  using  stimuli  consisting  of  a  set  of  differently 
shaped  objects,  recognition  may  be  regarded  as  ths  detection  of  detail.  The  part  of  the  T  which  comprises 
the  relevant  detail  will,  of  course,  depend  on  the  shapes  of  the  objects  surrounding  the  T.  In  fact,  cnly 
objects  which  are  moat  similar  in  shape  to  the  T  need  be  considered.  Also,  there  is  some  evidence  to  suggest 
that  recogn'tion  in  the  presence  of  confusiblo  objects  is  related  to  the  cross-correlation  function  of  the 
T  with  the  NT's.  Detection  and  cross-correlation  are  related  in  as  much  as  the  larger  a  correlation  peak  be¬ 
comes,  the  more  similar  are  ths  and  NT,  and  thus  the  relevant  detail  which  must  be  ueenin  order  to  distin¬ 
guish  the  two  objects  becomes  smaller. 


REFERENCES 

(1)  Blackwell  H.H.  'Contrast  Thresholds  of  the  Human  Eye.1  J.O.S.A.  Jo,  11.  1946. 

(2)  Brown  M.B.  'Visual  Studies  III  Contract,  Information  Note  No. 5*'  B.A.C.  Report  L50/22/PHV/196/1 316. 
February,  1971. 

(3)  Brown  U.3.  'The  Measurement  of  3ky  Brightness,  Final  deport.'  B.A.C.  Report  L50/22/i'Hl/l 14/1296. 

February,  1971. 

(4)  .Vlner  B.J.  'Statistical  Principles  in  Experimental  Design.’  McCraw-Uill,  1962. 

(5)  Murphy  M.J.  et  al.  'Final  Report  on  Visual  Studies  Contract.'  B.A.C.  Report  R41S/I1/VIS.  September,  1965. 

(6)  Overington  I.  et  al.  'Final  Report  on  Visual  Studies  II  Contract.1  B.A.C.  Report  L50/22/PKf/l 5S/1 1 64 - 
April,  1970. 


ACKNGu  LuDuEAhNI 

I  should  like  to  thank  Mr.  P.  Phillips  for  producing  the  target  stimuli  and  conducting  the  exper¬ 
iment  • 


57 


GD-I 


GENERAL  DISCUSSION 


Dr  Huddleston  (UK) 

In  opening  the  general  diecuesion  I  don't  want  to  puah  my  own  ideas  too  far.  My  questions  are 
uaually  enormously  unfair,  and  of  the  kind  'what  large  factors  have  you  omitted  from  your  model?'  How¬ 
ever,  would  it  be  reasonable  to  ask  you  to  confess  to  any  omission  first,  Dr  Greening? 

Dr  Greening  (US) 

I  do  not  feel  the  question  is  unfair,  although  that  doesn't  mean  it  is  easy  to  answer.  I've  felt 
for  some  time  that  a  major  shortcoming  has  been  an  overemphasis  on  search  and  acquisition  as  an  optical 
problem  and  an  underemphasis  on  it  as  a  cognitive  problem.  Behind  che  data  I  reported, for  example, 
is  an  intelligent  human  being  doing  the  searching,  not  an  optical  machine.  He  knows  something  about 

the  object  of  his  search,  and  we  should  try  to  account  for  this. 

One  of  the  reasons  for  my  belief  in  the  impact  of  personality  on  the  problem  lies  in  some  work  we 

did  S  years  ago  in  forcing  che  person  to  say  where  the  target  was  before  he  was  prepared  to  cossnit 

himself.  After  he  had  indicated  a  likely  location,  we  asked  for  a  confidence  estimate.  This  arose 
from  an  informal  earlier  observation  that  subjects  would  observe  the  target  for  an  incredibly  long 
time  before  pressing  the  "acquired"  trigger;  we  wondered  what  was  going  on  all  that  time.  We  found  he 
was  gradually  increasing  his  level  of  confidence  until  he  was  ready  to  conmit  himself.  One  of  the 
things  humans  don't  like  to  do  is  to  make  foolish  errors,  and  no  matter  haw  you  instruct,  they  hold  off 
from  making  a  conspicuous  error  of  judgement.  This  represents  one  of  the  kinda  of  things  not  handled 
well  in  our  models. 

Dr  Huddleston  (UK) 

I  wonder,  Mr  Overington,  if  I  can  now  ask  for  a  confession  fror  you  regarding  the  BAC  model?  I 
mention  the  childishly  obvious  supposition  we  all  make  that  hue  it  so  desaturated  as  not  to  come  into 
che  problem.  However,  I  feel  ill  at  ease  too  about  the  sharp  edge,  almost  black/whir.e  contrast 

elemenc  at  che  crux  of  many  models.  Have  you  any  comment? 

Hr  Overington  (UK) 

I  could  only  make  a  personal  one,  and  that  it  the  basis  on  which  I  started  the  modelling  I've 
reported.  For  tome  years  I  worried  that  most  modelling  could  only  cater  for  a  sharp-edged  object.  This 
seetted  to  me  to  apply  to  recognition,  the  interrogation  of  specific  objects,  too.  If  one  talks  in  terms 

of  contrast  and  site  as  being  predominant  model  features,  this  takes  no  account  of  a  whole  host  of  other 

relevant  things.  For  instance,  when  you  look  at  a  simulation  or  a  TV  system  or  an  image  intenslfier  you 
have  some  degradation  of  imagery.  Also,  relevanc  to  the  observer  himself,  there  are  factors  such  as 
state  of  accommodation,  pupil  diaaietcr,  various  ocher  factors  which  change  retinal  image  quality.  This 
quality  of  retinal  image  is  of  course  vary  important  in  all  we  do,  detection  and  analysis  of  detail 
included.  Ac  BAC  we,  like  many  people,  have  tended  to  be  over-naive  in  air-to-ground  modelling  in  this 
assumption  chat  it  is  the  detection  threshold  that  matters.  I  agree  with  Dr  Greening  that  the  ability 
to  interrogate  one  of  a  number  of  possible  objects  at  length,  in  a  virtually  no-search  situation,  is 
what  really  matters.  But,  still,  quality  is  all  too  little  considered. 

Dr  Huddleston  (UK) 

Still  talking  about  modelling,  Mr  Silverthorn,  if  I  had  to  confess  illness-at-ease  about  model 
adequacy,  I  might  have  major  misgivings  about  your  definition  and  use  of  a  hard  shell  visual  lobe. 

Could  you  perhaps  first  clarify  for  the  meeting  vhat  such  a  lobe  is,  and  then  mention  what  a  soft  shell 
model  might  imply,  were  there  one? 

Mr  Silverthorn  (UK) 

In  arriving  at  the  herd  shell  lobe  I  made  use  of  Dr  Taylor's  off-axis  data,  and  generated  what  I 
call  a  target  detectability  profile.  The  probability  of  detection  off-axis  does  not  necessarily  go  up 
to  1.  The  lobe  is  merely  a  mathematical  device  for  making  the  calculations  simple.  At  p  ■  0.5  lec 
us  my,  there  will  be  a  certain  probability  of  off-axis  angle  and  that  is  taken,  quite  simply,  as  the 
radius  of  che  hard  shell  lobe.  It's  obvious  that  the  concept  of  seeing  the  target  inside,  not  outside 
the  lobe,  is  again  merely  a  mathematical  device. 

Imagine  we  have  a  search  area  with  one  embedded  target  which  may  be  at  any  position.  We  are  forced 
to  speak  of  convolution;  if  we  take  my  detectability  profile  across  che  search  area  an  average  probability 
of  detection  is  found.  This  average  is  tsken  really  in  two  ways,  but  as  an  average  on  glimpse 
distribution  (a  uniform,  rectangular  distribution  in  my  model)  the  hard  shell  model  makes  sense. 

Croup  Captain  Whiteside  (UK) 

I  want  to  ask  simply  what  is  the  use  of  mathematical  modelling?  When  considering  men,  with  their 
changes  in  accomodation,  arousal  and  so  on,  who  are  momentarily  frightened  with  a  consequently 
widened  pupil,  who  alter  their  direction  of  gaze  for  a  quite  arbitrary  and  unpredictable  reason  and  so 
forth,  whac  use  is  a  model?  The  aircrewman  may  have  had  a  car  accident  or  a  police  fine,  or  he  may 
have  an  unhappy  vifc;  how  do  you  include  all  such  factors  and  make  sense  of  the  modelling? 
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Mr  Silverthorn  (UK) 


I  don't  spring  to  the  defence  of  modelling,  but  heartily  agree.  It  aeema  to  me  there  ere  physical 
aspects  of  the  problem  and  there  are  psychological  aspects  of  the  problem.  The  psychologists  haven't 
a  model  of  psychological  man  in  the  same  sense  that  ue  have,  for  instance,  visibility  models.  It  seems 
to  me  ve  have  taken  the  easy  route  through  the  physical  side  of  modelling. 

Dr  Greening  (US) 

I  can  comment  only  to  the  extent  of  reiterating  that  ve  are  leaving  the  human  out  of  the  model, 
unless  we  have  him  there  as  part  of  the  variance.  One  of  the  fev  items  of  data  I'm  aware  of  that  bears 
on  your  question  directly  vas  collected  by  the  US  Joint  Chiefs  of  Staff  (but  is  not  otherwise  available) 
on  a  Joint  Task  Force  simulation  using  real  personnel,  real  vehicles  and  real  terrain.  There  were 
differences  between  those  data  and  others  from  cinematic  simulation  in  terms  of  probability  and  range 
effects,  but,  more  importantly,  there  was  immensely  more  variability  in  the  real  than  in  the  simulated 
data.  I  feel  the  human  being  is  represented  in  those  very  large  variabilities.  This  is  not  an  anaver 
to  your  question,  though;  it  is  a  confirmation  of  the  basis  for  it. 

Dr  Huddleston  (UK) 

Mr  Overington,  I  take  it  you  are  happy  to  start  from  adequate  arithmetical  descriptions  of  physical 
things  such  as  retinal  spread  functions  and  eventually  work  through  to  these  more  nebulous  areas  with 
an  accretion  of  precise  models?  In  other  words,  you  wouldn't  agree  that  at  the  minute  we  measure  the 
easy  and  omit  the  important? 

Mr  Overington  (UK) 

Hell,  I  remain  optimistic.  Ue  can  come  to  terms,  given  that  we  start  simply.  Ue  are  still  at  the 
simple  stage  admittedly.  My  random  search  modelling,  and  recent  simulation  work  not  yet  reported 
related  to  a  photo  interpreters  type  of  task  gives  one  confidence  that  the  nebulous  can  be  come  to  terms 
with  eventually.  Certainly,  there  is  an  awful  lot  of  parametera  to  include  in  the  modelling,  each  a 
source  of  variance  and,  indeed,  of  bias.  It  would  be  foolish  to  say  we're  cloae  to  accounting  for  them 
all  at  the  moment. 

Colonel  Appleton  (US) 

I  don't  anare  your  malaise  about  modelling  work.  What  we're  talking  of  is  human  performance  (and 
the  selection  of  personnel  to  perform)  in  the  final  analysis.  Primary  factors  bearing  on  performance 
are  sensory  acuity,  motivation  and  aptitude.  We  measure  acuity  to  the  beat  of  our  ability.  We've 
pretty  well  given  up  on  the  measurement  of  motivation.  I  think  what  we're  discussing  here  ia  largely 
to  do  with  measuring  aptitude.  What  appears  to  bother  people  is  that  the  models  don’t  mimic  accurately; 
they  probably  never  will  very  exactly.  But  that's  not  so  big  a  problem.  You  end  up  with  a  situation, 
gadget,  or  whatever  to  measure  up  against  people  chat  you're  going  to  select. 

On  the  basis  of  intuition  alone,  if  your  model  is  close,  without  meeting  the  rigid  criteria 
scientists  tend  to  set  themselves,  it  will  be  a  most  useful  tool  with  which  to  assess  aptitude.  I 
encourage  this  kind  of  modelling;  1  see  it  as  a  great  step  forward.  At  the  moment  we're  measuring 
acuity  with  a  Snellen  chart,  knowing  what  a  poor  physical  standard  that  is,  and  likevise  for  colour 
sense  tests  using  pigments  or  lights.  I  think  the  modelling  area  is  much  more  sophisticated,  applicable 
and  useful  than  simply  measuring  acuity,  for  example.  Because  you  can  shoot  the  models  full  of 
theoretical  holes  doesn't  destroy  their  value. 

Mr  Silverthorn  (UK) 

I'm  a  little  concerned  that  you  base  your  views  on  operator  selection.  I,  at  least,  model  for 
operational  roles  and  their  description,  in  order  to  determine  vhat  aircraft  stores  to  carry,  for 
example.  I  don't  think  the  model  is  good  enough  for  that,  yet. 

When  we  varied  target  sire,  but  net  shape,  and  predicted  by  our  model  that  range  should  b< 
proportional  to  the  scale  uaed,  we  were  quite  wrong.  Range  end  icele  were  independent,  and  the  model 
came  nowhere  near.  There  muet  be  a  large  factor  ve  heven't  come  to  terms  with.  In  this  tort  of  ares 
ve  feel  uneasy  about  the  modelling  we're  doing. 

Colonel  Culver  (US) 

1  vaa  encouraged  to  hear  of  the  importance  of  factors  to  do  with  the  aye  other  than  acuity,  for 
instance  accommodation,  which  Mr  Overington  mentioned.  Do  these  factors  need  further  clarification? 

Mr  Overington  (UK) 

I'm  aure  they  do!  We  at  BAC  are  one  of  many  groups  trying  to  tackle  this. 

Dt  Vos  (Netherlands) 

Targec  recognition  can  be  done  by  instrumental  methods,  looking  through  telescopes  or  whetever.  Is 
that  the  kind  of  thing  you  make  models  for? 


sT  > 
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Dr  Huddleston  (UK) 

Certainly  a  nodal  can  ba  appliad  Co  (ha  ala  of  comparing  physical  aide,  it  chac  ia  what  you  mean. 

Dr  Cre*niog  (OS) 

Ha  have  dona  a  good  daal  of  modelling  of  TV,  I!  and  ochar  devices,  and  chaaa  models  can  ba  addad  oo 
to  tba  kind  of  aodala  vc'va  baac  dlacuaaing  hart.  A  human  obaarvar  and  phyatcal  datector  ara  Chao  Id 
aeriaa,  and  tha  detaeCor  between  bla  and  the  aourca  bringa  anothar  20  or  30  variables  with  it.  In  my 
opinion  Chia  topic  would  juatify  another  Mating. 

Under  USAF  contract  a  few  yeara  ago,  for  inatanca,  ay  Company  examined  low-light  TV  ayataaa  in 
juet  thia  way,  naiaaly,  comparing  2  image  intenaification  ayatama  by  reference  to  model  paraMtera. 
Results  ahow  you  can  enquire  usefully  about  paraaatara  auch  aa  aignal-to-noiaa,  aperture,  and  to  on, 
aa  they  affect  total  ayatam  performance,  man  included. 

Hr  Overington  (UK)  <• 

Modelling  should  be  applicable  to  the  comparison  c,t  equipments.  Unfortunately,  one  quickly  rune 
into  the  topic  of  image  evaluation,  which  is  beyond  the  scope  of  thia  Meting.  I  agree  with  Dr  Greening 
that  another  session  would  be  needed  to  cover  it  adequately.  One  of  our  objectives  at  Bristol  ia  to 
model  thia  Mn-equipMnt  interaction,  and  we  are  optimistic. 


60 


V 


.-5v  •:» 


>■'§  :<F 


'Kz  rVY 


PEMMJAL  ACUITf  WITH  CQMPIiX  STIMULI  AT 
TWO  VIEWING  DISTANCES 

by 
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Department  of  Psychology,  University  of  Nottingham, 

University  Park,  Nottingham  NS?  2RD,  U  K 

sumwY 

Visual  acuity  is  defined  in  terns  of  the  minima  resolvable  visual  angle 
or  its  reciprocal.  This  assumes,  illicitly,  that  acuity  is  independent  of 
viewing  distance .  In  the  current  study,  this  assumption  was  tested  for  peripheral 
acuity  using  two  viewing  distances.  A  complex  visual  display  was  used  for 
the  acuity  task.  The  display  contained  a  regular  17  by  10  arrangement  of  discs. 
Its  angular  dimensions  were  27°1'  by  16°5‘  and  4°2 '  by  2C24',  with  the  observer 
7  ft  <2.13  m)  and  47  ft  (14.33  m)  away,  respectively.  The  display  was  exposed 
for '0.25  seconds,  with  the  observer  fixating  a  particular  point  in  it.  Measure¬ 
ments  were  made  of  the  threshold  distance  from  the  fixation  point  at  which  a 
single,  smaller  target  disc  could  be  detected.  The  data,  obtained  from  eight 
observers,  supported  the  assumption  that  peripheral  acuity  is  independent  of 
viewing  distance;  the  threshold  distance  remaining  unchanged  for  four  sizes  of 
target,  in  spite  of  the  large  change  in  viewing  distance.  This  implies  that 
performance  in  air-to-ground  target  acquisition  should  rot  be  directly  affected 
by  variations  in  viewing  distance. 


A.  INTRODUCTION 


Visual  search  and 


heral  acuit 


Smith (1) ,  ErickoonC  2 )  and  JohnstonO)  have  shown  that  visual  search  and  peripheral  acuity 
are  related.  The  further  into  the  periphery  that  a  particular  stimulus  can  be  seen,  the  faster  are 
the  search  times  associated  with  it.  The  smaller  the  observer's  visual  field,  the  slower  he  is  at 
searching.  Howarth  and  Blocmfield(4,S)  made  use  of  this  relationship  in  order  to  relate  search  times 
directly  to  the  physical  characteristics  of  their  search  displays.  They  had  seme  measure  of  success 
in  predicting  search  times  from  peripheral  vision  performance,  both  for  displays  with  a  target  among 
nontargets  (Bloomfield  and  Howarth,  6)  and  for  a  single  target  in  a  plain  background  (Bloomfield,  7). 


In  many  search  tasks,  the  distance  between  the  observer  and  the  search  area  is  not  constant. 
In  particular,  for  air-to-ground  target  acquisition,  the  observer  is  in  oontiiuous  motion,  and  the 
distance  between  him  and  the  target  area  is  always  changing. 


Peripheral  vision  measures  can  be  used  to  predict  performance  in  search  tasks  with  a 
constant  distance  between  the  observer  and  toe  display.  But,  what  is  the  effect  of  viewing  distance  on 
peripheral  acuity?  And,  can  peripheral  acuity  be  used  to  predict  search  performance  then  viewing 
distance  varies?  This  study  was  designed  to  investigate  the  first  of  these  two  questions. 


Foveal  vis  cal  acuity  and  viewing  distance 


Visual  acuity  is,  unfortunately,  usually  defined  as  toe  reciprocal  of  toe  mininun  resolvable 
angle,  measured  in  minutes  of  arc.  In  many  ways,  it  would  have  been  far  better  if  it  had  been  defined 
in  terms  of  toe  mininun  angle  alone.  However,  toe  use  of  either  definition  entails  toe  acceptance  of 
the  assumption  that  acuity  is  independent  of  the  distance  between  target  and  observer. 


In  fact,  with  short  viewing  distances,  i.e.  below  approximately  six  feet  (two  metres),  foveal 
acuity  decreases  with  decreasing  distance.  It  has  been  suggested  that,  since  convergence  and  acoocmo 
dation  necessarily  oo-vary  with  distance,  either  or  both  may  account  for  this  phenomenon.  Tulving(8) 
discussed  these  possibilities  and  produced  evidence  indicating  that,  in  toe  absence  of  any  changes  in  the 
distance  of  the  target  from  Ukj  observer  and  regardless  of  toe  state  of  accomodation,  convergence  alone 
influences  acuity. 


With  longer  viewing  distances  foveal  visual  acuity  does  appear  to  be  independent  of  distance. 
Beebe-Center,  Mead ,  Wagoner  and  HoffnanO)  reported  that,  at  observation  distances  varying  frcm  about 
30  feet  (10  metres)  to  2  miles  (3.2  Kilcmetres) ,  "for  practical  purpooes  visual  acuity,  defined  in 
angular  terms,  nay  be  considered  to  remain  constant  over  this  range  of  distances". 


Definition  of  visual  acuit 


Before  discussing  the  effects  of  viewing  distance  on  peripheral  acuity,  it  is  worth  detailing 
the  difficulties  caused  by  defining  acuity  in  teres  of  toe  reciprocal  of  the  minium  resolvable  visual 
angle.  This  definition  was  introduced  by  Wertheim(lO)  and  it.  has  led  to  toe  view  that  peripheral  acuity 
decreases  rapidly  at  first  as  one  moves  away  ft  tun  toe  fovea,  but  then  more  slowly  as  the  far  periphery  is 
reached.  Both  Lcxw<  11)  and  Weymouth<12)  have  pointed  out  that  a  much  more  accurate  picture  of  peripheral 
acuity  is  achieved  if  the  miniiun  resolvable  angle  itself  is  plotted  against  eccentricity.  Figure  1  shews 
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Wertheim's  data  plotted  in  both  ways.  After  his  careful  and  precise  measurements  revealed  that  acuity 
falls  off  gradually,  and  approximately  linearly,  as  one  moves  free  the  fovea  into  the  periphery  and,  then, 
in  the  far  periphery  falls  off  more  rapidly,  it  is  ironic  tiat  Wertheim  represented  his  data  in  a  way 
■that  actually  seems  to  reverse  this  picture.  Indeed,  it  is  doubly  ironic,  since  in  doing  this  he  moved 
from  the  kind  of  function  -  a  linear  one  -  that  most  researchers  strive  for,  to  a  more  oocplex  function 
that  is  not  easy  to  categorize  mathematically. 

4.  Peripheral  visual  ag.itv  and  viewing  distance 

As  a  result  of  the  use  of  the  reciprocal  function,  the  periphery  of  the  retina  has  been 
assisted  to  be  qualitatively  different  from  the  fovea.  Ir.  fact,  the  linear  relationship  between  mininun 
resolvable  visual  angle  and  angular  eccentricity,  leads  to  the  expectation  that  similar  principles  to 
those  that  are  tmue  of  the  fovea  might  also  hold  in  the  periphery,  particularly  in  the  peripheral  areas 
from  0°  to  30°  or  40°  from  the  fovea. 

One  might,  therefore,  expect  the  effect  of  viewing  distance  to  be  similar.  Again,  in  using 
angular  terms,  there  is  an  implicit  assumption  that  acuity  is  independent  of  distance.  And,  furthermore, 
for  an  isolated  acuity  target  in  a  plain  background,  that  the  effect  of  reducing  the  angular  size  will  be 
the  same  whether  it  is  reduced  by  using  a  smaller  target  or  by  increasing  the  distance  between  the 
observer  and  the  target. 

Experiments  testing  this  proposit-'on  have  used  short  viewing  distances  and  liave  produced  all 
three  possible  results:  i.e.  that  stimuli  for  -ng  equal  retinal  inages  produced  better  peripheral  acuity 
when  placed  near  to  the  eye  than  when  further  away  (Aubert  and  Foerster,  13;  Jaensch  and  Kleeman,  14) ; 
that  distance  had  no  effect  (Luckiesh  and  Moss,  15);  and  that  acuity  became  worse  for  stimuli  placed 
nearer  to  the  eye  (Freenan,  16) .  lhese  experiments  are  discussed  by  Low(ll) .  He  points  out  that  the 
observed  acuity  differences  are  both  small  and  irregular  and  concludes  that  peripheral  visual  acuity,  if 
measured  with  proper  experimental  safeguards,  depends  on  the  size  of  the  retinal  image. 

Ho  study  that  I  know  of  has  investigated  the  effect  of  viewing  distance  on  peripheral  acuity 
using  distances  of  over  six  feet  (two  metres). 

5 .  Peripheral  visual  acuity  with  ccnplex  stimuli 

As  mentioned  earlier,  Bloomfield  and  Howarth(6)  obtained  peripheral  acuity  measures  using 
displays  containing  a  target  disc  amongst  a  number  of  nontarget  discs .  They  obtained  a  linear  function 
relating  the  difference  in  diameter  of  the  target  and  the  nontarget  discs  to  angular  eccentricity.  This 
is  shewn  in  Figure  2.  It  is  similar  to  the  linear  function  of  Figure  1.  Once  more  the  use  of  angular 
terms  entails  the  implicit  assumption  that  peripheral  acuity  is  independent  of  viewing  distance. 

The  experiment  reported  here  was  carried  out  to  test  this  assumption.  In  it,  I  used  the  type 
of  display  used  in  several  studies  of  visual  search  (Bloomfield,  7,  17,  18)  as  well  as  in  the  experiment 
by  Bloanfield  and  Houarth(6) .  The  experiment  differs  from  previous  studies  of  visual  acuity  and  viewing 
distance  in  that  no  attenpt  was  made  to  have  targets  of  equivalent  angular  size  at  the  different  distances. 
Instead,  the  linear  dimensions  of  the  target,  the  nontargets  and  the  display  were  held  constant.  Under 
these  conditions ,  if  peripheral  acuity  was  independent  of  viewing  distance,  we  would  expect  to  find  that 
the  linear  threshold  distance  remained  constant.  (This  is  discussed  more  fully  in  section  C.4.). 

B.  APPARATUS  APn  PROCEDURE 

An  overhead  projector  was  used  to  project  the  display  material  onto  a  screen.  A  perspex  sheet, 
with  shallow  holes  drilled  into  it,  was  placed  on  the  projector.  Ball  bearings  were  placed  in  these  holes, 
their  images  appearing  on  the  screen  as  discs.  The  perspex  was  masked  off  to  give  a  rectangular  display 
longer  horizontally  than  it  was  vertically . 

The  observer  sat  near  to  tile  display  (7  ft  -  2.13  m)  or  far  fiom  it  (47  ft  -  14.33  m).  His  angle 
of  view  ufas  identical  at  the  two  distances .  The  roan  was  evenly  illuminated .  The  ambient  light  level  was 
44  Im/ft  .  The  walls  of  the  roan  urere  matt  white.  The  dimensions  of  the  roan  were  48.25  feet  long  by 
16.5  feet  wide  by  9.5  feet  high. 

The  display  used  contained  170  large  discs  arranged  in  a  regular  17  x  10  matrix.  A  fixation 
spot  was  provided  for  the  observer.  This  fell  on  a  spot  coincident  with  the  centre  of  the  disc  with  two 
stimuli  to  its  left,  14  to  its  right,  four  above  and  five  below.  The  dimensions  of  the  display, with  the 
projector  6.5  feet  from  the  screen,  are  given  in  Table  1. 

The  observer's  task  was  to  detect  the  presence  of  a  single  smaller  target  disc,  which  was 
placed  on  the  horizontal  row  indicated  by  the  fixation  point  and  to  tK"  right  of  thi6  point.  Four  sizes 
of  target  were  used.  Their  dimensions  and  those  of  the  nontarget  background  discs  are  given  in  Table  1. 

In  order  to  eiqose  the  display  for  u  >rief  controlled  interval  a  large  aperture  camera 
shutter  was  fitted  to  the  overhead  projector.  The  fixation  point  was  provided  by  nears  of  a  slide 
projector,  that  also  had  a  shidter  attached  to  it.  The  two  shutters  were  connected  so  that  when  one  was 
opmn  the  other  was  shut,  and  vice  versa.  The  fixation  point  was  always  visible,  except  when  the  display 
was  exposed.  The  length  o',  the  exposure  was  controlled  by  the  overhead  projector  shutter,  and  was 
constant  at  0.25  seoonds  throughout  the  experiment. 

Before  each  exposure  the  observer  fixated  the  fixation  point.  The  target  was  moved  in  towards 
the  fixation  point  on  successive  e>q»oures ,  until  the  observer  was  sure  he  oould  detect  it.  Its  distance 
away  from  the  fixation  pjint  was  then  recorded.  Then,  the  target  was  moved  out  away  from  this  point, 
until  he  was  sure  he  ccjld  not  detect  it  and,  again,  the  distance  was  recorded.  If,  after  any  exposure, 
the  observer  reported  chat  he  was  rot  fixating  on  the  fixation  point,  the  results  of  that  run  were 
ignored  and  the  movement  irwarti  or  outward  was  repeated. 

63 


B6-4 


Table  1:  linear  and  angular  disunions  of  the  display  and  stisuli 


Near 

Par 

Observer  -  display  distance  (feet) 

7 

47 

Display 

Linear  Size 

(inches) 

Angular  Size 

Size 

Urproj acted 

Projected 

Near 

Far 

Horizontal 

7.S6 

41.59 

27°  1.4' 

4°  2.0' 

Vertical 

4. SO 

24.75 

16°  4.8* 

2°24.0' 

Diameter 

(32rds  inch) 

of  Nontargets 

10 

55 

67.0' 

10.0' 

9 

49.5 

60.3* 

9.0' 

of  Targets 

8 

44 

53.6' 

8.0' 

7 

38.5 

46.9' 

7.0' 

6 

33 

40.2' 

6.0' 

Gape  between 
stimuli,  and 
between  edge  of 
display  and 
nearest  stisuli 

4 

22 

26.8* 

4.0’ 

The  contrast  (C)  of  the  dark  (0)  target  and  nontarget  stimuli  to  the 
light  (L)  background,  calculated  from  the  formula 

C  a  100  (D  -  L)/<D  ♦  L>  , 

was  approximately  708. 

Each  target  was  used  twice  at  each  distance  in  each  session .  All  four  were  used  at  on* 
distance,  then  all  four  at  the  second.  Then,  all  four  were  again  used  at  the  second  distance,  and  then 
again  finally  at  the  first.  The  targets  wear*  always  presented  in  ascending  or  descending  order.  The 
four  possible  presentation  orders  are  given  in  Table  2.  Each  session  lasted  between  1  and  Jj  houro. 

Table  2:  four  possible  target  presentation  orders 


distance 

targets 

distance 

targets 

distance 

targets 

distance 

targets 

1 

near 

9876 

far 

6789 

far 

9876 

near 

67B9 

2 

near 

6789 

far 

9876 

far 

6789 

near 

9876 

3 

far 

9876 

near 

6789 

near 

9876 

far 

6789 

4 

far 

6789 

near 

9876 

near 

6789 

far 

9876 

Eight  observers  were  used.  They  all  had  normal  vision  (two  -  S3  and  S8  -  corrected) .  Each 
was  tested  alone  in  two  or  three  sessions.  For  their  first  session,  four  observers  (SI,  S2,  S3  and  S4) 
were  seated  near  to  the  display  first  (i.e.  they  had  order  1  or  2),  and  for  their  second  session  they 

were  for  away  at  ‘irst  (order  3  or  4).  If  they  had  a  third  session  they  were  near  at  first  again.  This  I 

procedure  was  rr  rsed  for  the  remaining  four  observers  (S3,  S6  S7  and  S3) . 

C.  RESUI  ,  Aiw  DISCUSSION 

-  -  Statistical  treatment 

Five  observers  (SI,  S2,  S3,  S6  and  S7)  took  port  in  three  sessions,  and  three  (S3,  S4  and  S8) 
in  two.  The  first  session  was  created  as  practice  for  all  observers.  The  r tu  data  consisted  of  threshold 
distances  from  the  fixation  point.  The  target  most  different  in  size  fras  the  rcntargets,  target  6, 
could  be  detected  at  the  edge  of  the  display  by  four  observers  (S3,  S4,  S6  and  S6)  and,  therefore,  the 
threshold  distances  could  not  be  measured  for  them  for  this  target.  Because  of  this  the  data  have  been 
analysed  in  two  ways .  Table  3  shows  the  results  of  a  four-way  analysis  of  variance  with  all  eight 
observers,  the  three  harder  targets  (9,  8  and  7),  two  viewing  distances  and  with  the  irvutrd  and  outward 
readings  ocupared.  Table  4  shows  a  similar  analysis  far  four  observers  (SI,  S2,  SS  and  S7)  and  all  four 
targets. 
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Table  3:  smeary  of  four-way  analysis  of  variance  with  all  eight  observers  and  three  target 
sizes  (9,  8  and  7) 


Source 

Degrees  of  Freedom  F  P 

A.  Observers 

7 

21.6$ 

<.00001 

B.  Viewing  Distance 

1 

0.12 

- 

C.  Irward  v  Outward 

1 

77.28 

<.0001 

D.  Target  Size 

2 

130.61 

<.00001 

A  x  B 

7 

17.92 

<.00001 

A  x  C 

7 

2.31 

<.05 

AxD 

14 

6.07 

<.00001 

B  x  C 

1 

0.70 

- 

B  x  D 

2 

0.14 

- 

C  x  D 

2 

4.86 

<.os 

A  x  B  x  C 

7 

0.16 

- 

A  x  B  x  D 

14 

6.79 

<.00001 

A  x  C  x  D 

14 

0.71 

- 

B  x  C  x  D 

2 

1.94 

- 

A  x  B  x  C  x  D 

14 

0.32 

- 

Within 

236 

Total 

311 

Table  4:  suflnary  of  four-way  analysis  of  variance  with  four  observers  (SI,  S2,  S5  and  SB)  and 
all  four  target  sizes 


Source 

Degrees  of  Freedom 

F 

P 

A.  Observers 

3 

120.26 

‘.00001 

B.  Viewing  Distance 

1 

0.61 

- 

C.  Inward  v  Outward 

1 

77.16 

<.005 

D.  Target  Size 

3 

54.65 

<.00001 

A  x  B 

3 

54.42 

<.00001 

A  x  C 

3 

2.11 

- 

AxD 

9 

14,46 

<.00001 

B  x  C 

1 

1.36 

- 

B  x  D 

3 

0.46 

- 

C  x  D 

3 

2.44 

- 

A  x  B  x  C 

3 

0.20 

• 

A  x  B  x  D 

9 

11.26 

<.00001 

A  x  C  x  D 

9 

0.58 

- 

B  x  C  x  D 

3 

1.49 

- 

A  x  B  x  C  x  D 

9 

0.15 

- 

Within 

192 

Tbtal 

25$ 

s 
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Both  tables  shew  similar  patterns  of  significance.  All  the  sain  effects  except  njiet  cf. 
viewing  distance  are  .lighly  significant.  It  was  to  be  expected  that  the  threshold  d.  starve  wnoi,.  H 
significantly  greater  when  the  target  was  moved  outwards  than  when  it  was  saved  inavk  si  nw  ttijv  i*  an 
art i factual  result  dependent  on  the  particular  method  of  measuring  the  thrrehold.  S:re.)*r-7y,  fttit 
Bloomfield  end  Howarth(6)  it  was  to  be  expected  that,  as  the  target  oam  closer  in  elzu>  to  -m  rsrw*»#rf 
the  threshold  distance  would  be  reduced  significantly.  The  third  significant  sain  effect  at.  luth.  vJlas 
was  that  of  observers  and,  again,  this  was  to  be  expected,  being  a  typical  finding  in  threehfi.d 


The  first-order  interactions,  of  viewing  distance  and  of  target  sire  with,  observer*  ,  u,j 
the  second-order  interaction,  of  observers  by  viewing  distance  by  target  size,  are  highly  . 

The  main  difference  between  tho  two  tables  is  that  the  two  interaction  ten* ,  of  ofareivcrc  r<i  cl  target 
size  with  irvard  v  outward  readings ,  with  low  levels  of  significance  (.OS)  in  Tfcble  !,  *  nrt  acilvve 
significance  in  liable  4.  Again,  that  interactions  involving  observers  prove  to  be  signii.  cant  ii  tot 
surprising. 


the  main  interest  in  these  analyses  is  centred  on  the  fourth  rein  effect :  viewing  durante . 

It  is  dear  that  we  cannot  reject  the  null  hypothesis  that  the  data  taken  at  the  two  distrecre.  cire  ir n» 
the  same  distributions,  in  this  case.  In  fact,  the  high  values  of  *P'  obtained  for  i r^ee  (O.tS?  s  L',4.3*.  j;i 
the  1st  &  2nd  analysis  respectively)  constitute  strong  evidence  for  accepting  the  rad  1  hypotneeu : 
ie.  to  accept  that  the  linear  threshcld  distance  for  each  target  is  the  srea  at  *7  f«et  an  it  is  an  r  *«*;>. 

The  significant  interactions  involving  viewing  distance  are  beet  interpr*  led  in  term  cf 
differing  trends  amongst  the  observers.  For  sore,  there  Is  a  slight,  hut  inaignificx .rr,  deerwrert  „r 
perfonrance  as  viewing  distance  is  increased;  for  others,  there  is  a  slight,  but  insignificant-,  iajtfvr- 
ment;  however,  the  difference  between  these  two  slight  effects  is  significant . 

2.  _ Graphical  representation 

In  reporting  similar  peripheral  acuity  data,  Bloomfield  end  Howerth(S)  pl>tted  the  c:  fit  r*nct{ 
in  diameter  of  target  and  nontargets  against  eccentricity.  However,  eccentricity  is  irobably  nr;',  depen- 
dent  on  the  absolute  diameter  difference  but,  rather,  on  the  diameter  difference  relative  to  the 
diameter  of  the  nontargets.  Ihus,  it  would  be  more  appropriate  to  plot  the  relative  .lifferenoe  igvtinc t 
eccentricity. 

The  relative  diameter  difference  remains  unchanged  as  viewing  distance  is  rerie d.  F  i  gi**  S 
shows  the  mean  linear  threshold  distances  for  all  eight  observers  for  the  three  difficult  taryeri  <»•  a 
function  of  the  relative  diameter  difference .  Figure  4  shows  a  similar  plot  for  fow  of  these 
observers  with  all  four  targets.  The  analyses  reported  in  section  C.l.  indioatvd  that  the  Owwirrsr 
distances  obtained  at  the  two  viewing  distances,  tiich  are  compared  in  these  two  figiaes,  wore  ten  iigMfi 
cantly  different  and  were,  in  fact,  probably  from  the  same  distribution. 

As  the  interactions  of  observer  and  viewing  distance,  and  of  obeerver  by  viewing  rt  is  twee  ov 
target  size  were  significant, the  data  for  each  individual  observer  are  shown  in  Figvre  5.  Here  t’«*  .irrer 
threshold  distance  is  plotted  against  viewing  distance .  The  units  on  the  two  ox*  an  the  ?«w  ,  but  the 
scale  for  viewing  distanoe  i6  12.5  times  greater  than  that  for  threshold  distance.  Fir  meet  yair^irs, 
there  are  changes  in  threshold  distance  with  viewing  distanoe.  But,  considering  the  cl.ffereira*  in  scale* , 
these  are  not  irrportant  for  most  observers.  The  largest  changes  occur  for  SS,  amm  better  it  u* 
far  distance  for  targets  8,  7  and  6,  and  for  S4  (targets  9,  7  and  6)  and  S8  (target  7)  viao  »•>*»  tettes 
near  to  the  display. 

3.  Possible  source  of  error 


As  stated  in  section  B,  if  the  observer  was  not  fixating  the  fixation  point  after  tiv-! 
display  had  been  exposed,  the  corrplete  inward  or  outward  sequence  of  presentations  in  progress  >«*  rejected. 
This  was  necessary  on  three  occasions  only,  once  each  with  observers  S5,  S6  and  SS.  F.-wever,  it  is 
possible  that  there  were  some  small  movements  away  from  the  fixation  point  toumrtfc  the  target  that  were 
not  noticed  by  the  observers .  Since  the  same  angular  movement  would  be  associated  wifi  a  lwfitr  iivwjt- 
movement  at  the  far  viewing  distance  than  the  near,  and  such  undetected  moverentx  aey  xnw  rati  o.ftiven- 
tial  effects.  It  is  not  possible  to  state  whether  or  not  this  occurred,  and  the  poeeibilit  alx'.id  U. 
borne  in  mind  when  considering  the  implications  of  these  findings. 

4.  The  effect  of  viewing  distanoe 

Dus  study  was  primarily  undertaken  to  investigate  the  effect  cf  viewing  iis tm**-  c*-  peri¬ 
pheral  acuity.  On  the  evidence  obtained  using  eight  observers,  one  must  conclude  that  the  thitofold 
distance  from  the  fixation  point  retrains  constant  for  all  four  targets  tsed  when  the  v  .■  _v ng 
is  increased  from  seven  to  47  feet  (though  there  is  considerable  variability  recog  oho* i-verv). 

Beebe-Center  et  al.(9),  measuring  foveol  acuity  in  minutes  of  arc  over  a  nmge  ci  Cir-vana ta 
from  30  feet  to  2  miles,  found  that  acuity  was  constant.  If  the  effect  of  viewing  distrece  (>■'.,)  or.  peri¬ 
pheral  acuity  was  analogous  to  this,  one  would  e:<pect  that  targets  of  aonstret  regular  c  mens}  fin  (t)  would 
be  detected  at  constant  angular  eccentricity  (9)  as  V~  was  varied.  The  result  obtain*!  nere  wee  thn:,  for 
targets  of  constant  linear’  dimensions  (D),  the  linear  threshold  distanoe  from  the  fixruor.  point  17)  wet, 
constant. 

The  obtained  result  and  that  that  might  be  expected  by  analogy  are,  in  fact .  fc’.tal.') 
equivalent;  viz 
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6  *  T/Vd 

and  8  -  D/Vp  ,  both  by  sinple  geometry 

T  =  VD  •  « 
and  D  =  .  6 


1 

2 


The  obtained  results  with  varying  was 

D/T  =  constant  3 

,  by  substituting  1  and  2  in  3  , 

8/0  =  constant ,  and  this  is  the  expected  result. 


A  particularly  notable  feature  of  the  main  result  of  this  study  is  that,  not  only  is  it  in 
line  with  expectations  based  on  work  on  foveal  acuity,  but  also  it  was  obtained  using  a  complex  visual 
display  containing  many  nontarget  stimuli. 

S.  Indications  for  target  acquisition  and  visual  search 

The  second  question  posed  in  section  A.l.  was  can  peripheral  acuity  be  used  to  predict  search 
performance  when  viewing  distances  varies?  Since  it  does  appear  to  be  independent  of  viewing  distance,  it 
seems  likely  that  it  can.  Because  of  the  relationship  of  peripheral  acuity  to  visual  search,  one  would 
expect  viewing  distance  to  have  no  direct  effect  on  search  or  target  acquisition,  for  distances  of  over 
approximately  six  feet. 

If  search  or  target  acquisition  does  become  more  difficult  as  viewing  distance  increases, 
this  is  likely  to  be  because  of  secondary  variables.  For  exanple,  with  longer  viewing  distances  acre 
interesting,  irrelevant  objects  may  oome  into  the  field  of  view,  drawing  the  observer's  attention  away 
from  the  search  area.  We  do  know  that,  with  increased  viewing  distance,  the  search  area  may  become  so 
small  that  the  observer  finds  it  difficult  to  place  all  his  glinpees  within  its  boundaries.  £noch(19) 
found  that,  while  only  10%  of  his  observer's  fixations  fell  outside  his  search  displays^when  they  were 
9°  square  or  more,  as  irany  as  50%  fell  outside  his  6°  display  and  75%  outside  that  of  *.  . 

The  display  used  in  the  current  study  had,  at  the  longer  viewing  distance,  angular  dimensions 
of  4°2'  by  2  24'.  On  the  basis  of  Enoch's  data,  one  would  expect  a  hi^i  proportion  of  fixations  to  fall 
outside  this  display,  if  it  was  used  for  search  with  an  observer  47  feet  away.  This  may  result  in  wastage, 
which  one  would  expect  should  lead  to  longer  search  times  at  this  distance  corrpared  with  th06e  at  seven 
feet.  In  fact,  from  preliminary  work,  this  does  seem  to  be  the  case. 

At  the  present  time,  one  would  expect  that  providing  (a)  the  search  display  always  has 
angular  dimensions  of  9°  or  more,  (b)  viewing  distance  is  greater  than  six  feet  (two  metres)  and  (c) 
viewing  distance  is  not  so  great  that  the  observer  is  unable  to  resolve  the  target,  then  variations  in 
viewing  distance  should  have  no  effect  on  target  acquisition  or  visual  search  performance. 
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DISCUSSION 


Mr  Ericson  (US) 

Did  your  observers  have  difficulty  maintaining  fixation  while  you  took  the  measurements? 

Dr  Bloomfield  (UK) 

Subjecta  aat  7  or  47  feet  from  the  acreen,  and  fixated  a  point.  Uhen  they  were  ready,  the  fixation 
point  wee  removed  and  a  stimulus  flashed  on  for  }  sec,  during  which  time  they  should  still  have  been 
fixated.  We  asked  them  to  cell  us  if  they  weren't  doing  this.  In  fact,  I  was  one  of  the  subjects  (S3) 
and  remember  having  no  problem.  But  I  agree  there  was  no  actual  check  on  whether  subjects'  eyes  had 
moved. 

Mr  Bricson  (US) 

I  tried  Co  do  a  test  like  this  with  22  pilots  in  2  sessions.  In  the  first  session  I  didn't  tell 
them  I  was  watching  their  eyes,  and  in  the  second  session  1  told  them  1  would  say  when  I  saw  their 
eyes  move  off.  What  I  could  describe  as  cheating  then  dropped  from  20  to  1  per  cent  or  thereabouts. 

Dr  Bloomfield  (UK) 

I  don't  know  whether  our  subjects  were  cheating.  They  seemed  to  try  to  help  us.  Obviously  we 
would  have  liked  to  have  had  a  way  of  checking  fixation,  but  with  out  vieving  distances  and  without 
specialised  optical  systems  such  as  split  prisma  this  was  not  possible. 

Incidentally,  like  many  subjects,  I  had  the  distinct  feeling  I  was  much  worse  further  from  the 
screen,  though  this  turned  out  not  to  be  the  case  when  the  data  were  analysed. 

Mr  Over ing ton  (UK) 

Foveal  acuity  doesn't  change  much  beyond  6  feet,  as  you  aay  in  yrur  paper.  I'm  at  a  loss  to  see 
why  your  experiment  was  from  6  feet  outwards.  For  the  fovaa,  those  effects  that  there  are  are  from 
6  feet  inwards. 

Dr  Bloomfield  (UK) 

When  asked  to  do  the  investigation,  it  was  quite  clear  1  vss  expected  to  find  an  effect,  if  only 
the  subjective  one  I  mentioned.  I  agree  the  literature  makes  tbe  discovery  of  a  large  distance  effect 
unlikely.  Peripheral  acuity  was  in  this  case  expected  to  decrease  as  viewing  diatance  iccreased,  aud 
this  expectation  was  from  a  previous  practical  finding,  not  from  tbe  literature. 

Mr  Overington  (UK) 

From  the  physical  optics  stand  point,  any  distance  effect  on  acuity  should  be  due  to  the  imaging 
optics  of  the  eye.  The  periphery  already  has  a  poorer  image  and  is  more  grainy  than  the  centre  area 
of  the  eye,  ao  effects  of  distance  should  be  even  harder  to  pick  up  than  they  are  for  foveal  vieving 
from  6  feet  inwards.  1  might  expect  peripheral  effecta  to  be  insignificant  even  at  these  short 
distances . 

Dr  Bloomfield  (UK) 

I  think  ve  now  agree. 

Mr  Overington  (UK) 

Two  of  your  observers  might  well  be  considered  'rogues'  in  a  small  sample  experiment.  How  were 
they  screened  visually?  One  of  them  could  be  short  sighted  (Si)  and  the  other  long  sighted  (S4) .  Did 
you  do  any  analysis  excluding  these  2  eubjects?  The  A  x  B  interaction  you  report  might  then  be 
insignificant. 

Dr  Bloomfield  (UK) 

1  egree  Che  interaction  would  go.  As  to  screening  subject*  out,  tbit  depend*  on  whet  one  it  trying 
to  do.  I  wanted  to  follow  this  etudy  up  with  one  on  vieuel  search  at  the  2  viewing  distance*. 

Mr  Overington  (UK) 

Agreed,  but  it's  only  chance  that  SS  end  S4  balanced  etch  other  in  your  overall  reaulte.  You  could 
have  had  2  'rogues'  in  the  same  direction  which  would  have  given  an  apparent  main  effect. 

Dr  Bloomfield  (UK) 

No.  We  would  etill  have  Isolated  the  Observer  X  Vieving  Distance  interaction. 
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A  Model  for  the  Inherent  Con trait  Condi tioni  in  Full-Form  Object! 

Dr.-Ing.  habit.  Max  R.  Nagel,  Scientific  Coworker 
Dautache  Porsehimgs-  und  Verauehianacalt  fUr 
tuft-  und  Rauafahrc  e.V. 

D-8031  Oberpfaf fanhofen,  Germany 


Siimasi  j  ■  Tha  concept  haa  been  developed  of  a  simple  aodel  that  ia  raprcaantativa  of  the  luminance  end  con* 
■treat  condition!  on  full-form  object!.  A  reaaonably  realistic  approach  ii  a  sphere  that  ie  exposed  to  the 
irradiation  from  the  entire  aky,  the  eun,  and  the  ground,  taking  into  account  the  considerable  variation 
of  the  luminance  in  tha  sky.  Baaed,  primarily,  m  measurements  nf  the  aky  luminance  in  the  Pikes  Peak 
region  of  Colorado,  U.S.A.,  calculations  ware  mao*  of  the  inherent  contrast  in  such  a  model  when  it  it 
vieved  from  any  direction  vith  fielda  of  vlev  of  various  eirea.  Other  calculationa  were  concerned  with  the 
aodel  object'e  contour  contraat  egeinet  it*  background,  and  with  ite  color.  Representative  reeulte  of  these 
calculations  are  shown  and  discussed. 


List  of  symbols 

X  < 

!P< 

a  • 

P- 

(V 

w  * 


flvrl. 

Hiw). 

»(»)■ 


A 

■P’ 


°  so  • 
aehd- 

aehr  • 

V  > 
A< 


etimuthal  distance  of  a  point  of  the  mode 1  sphere  from  the  eun  vertical 

latitudinal  distance  of  a  point  of  the  andel  sphere  from  the  horizontal  equator  of  the 

sphere 

azimuthal  distance  of  a  point  of  tha  sky  from  the  eun  vertical 
latitudinal  distance  (elevation)  of  a  point  of  tha  eky  over  the  horizon 
elevation  of  sun  over  tha  horizon 
wavelength  of  light,  in  nm 

relative  sensitivity  of  the  eye  for  light  of  wavelength  w,  with  reference  to  sensitivity 
It  w  ■  555  nm 

2 

solar  energy  in  V/m  just  outside  the  terrestrial  atmosphere,  perpendicular  to  direction 
from  the  sun,  for  wavelength  w 

attenuation  coefficient  per  unit  air  mate,  for  vavalangth  w 

affective  air  mass 

angular  distance  of  point  (  X.ip  )  from  point  (  X-0 ,tp*(3e  )  on  the  sphere,  directly  under  the 
eun 

brightness  of  sky  in  the  vicinity  of  point  !a,P  ),  in  lra/ra2 

area  of  email  portion  of  sky  having  an  average  brithtness  B.  in  steradian 

reflectance  of  ground 

reflectance  of  model  sphere 
2 

total  illuminance  in  lm/m 

portion  of  the  total  illuminance  attributable  to  direct  radiation  from  the  sun,  in  lm/m2 
portion  of  tha  total  lllusrtnance  attributable  to  direct  radiation  from  the  sky,  in  lm/m2 

2 

portion  of  tha  total  illuminance  attributable  tn  reflected  radiation  from  the  sun,  in  lm/m 

2 

portion  of  tha  total  lllvalnanca  attributable  to  reflected  radiation  from  the  sky,  in  lm/m 
ratio  of  solar  and  sky  components  of  illuminance 

a uissjthal  component  of  a  vleving  direction  vith  respect  to  the  center  of  Che  ephere  end 
eun  vertical 

latitudinal  component  of  a  viewing  direction  vith  reepect  to  the  center  of  the  sphere  end 
the  horizon 

center  angle  determining  radius  of  e  field  of  view  on  the  ephere  surveyed  by  an  outside 
observer 

angle  determining  location  of  a  point  at  the  boundary  of  the  field  of  vlev 

luminance  at  a  point  of  the  sphere  at  the  boundary  of  the  field  of  view 

luminance  of  the  eky  next  to  a  point  of  the  sphere  at  the  boundary  of  the  field  of  view. 
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I.  Introduction 

Ons  of  Che  primary  factors  governing  the  visual  detection  and  identification  of  ground  features  from  an 
aircraft  is  the  inherent  contrast  of  these  objects,  either  vithin  themselves  or  against  their  backgrounds. 
In  fact  no  ground  object  can  be  detected,  much  less  identified,  without  an  inherent  contrast  either  in 
terns  of  luminance  or  in  terms  of  the  spectral  composition  -  or  color,  respectively  -  of  the  radiation 
emitted  or  reflected  from  its  surface.  This  statement  applies  to  any  photo-electronlcally  supported  obser¬ 
vation  as  well;  and  problems  around  the  inherent  contrast  conditions  in  outdoor  objects  continue,  there¬ 
fore,  to  hold  considerable  interest  for  a  great  number  of  everyday-public,  industrial,  scientific  and 
military  disciplines.  As  a  consequence,  a  need  it  felt  to  establish  e  set  of  sufficiently  detailed  data 
on  the  inherent  object  contrast  which,  based  on  measurements  under  actual  conditions,  can  be  realistically 
associated  with  a  variety  of  environmental,  meteorological  and  operational  situations  and  which,  in  turn, 
can  serve  as  a  model  for  further  calculations,  for  duplications  and  simulations,  and  for  predictions  of 
object  contrasts  assuming  changed  conditions. 


2.  Discussion  of  the  Model  Concept 

Physically,  the  concept  of  such  a  model  envisages  a  smooth  sphere  located  outdoors,  initially  under  a 
clear  day-time  sky,  and  illuminated  by  skylight,  sunlight,  and  the  reflecting  ground.  Both  the  sphere  and 
the  ground  are  considered  completely  opaque,  neutral  gray  in  color  and  diffusely  reflecting,  the  ground 
having  a  reflectance  p  ;  and  the  sphere,  JJk.  The  site  of  the  sphere  is  small  and  its  altitude  above  the 
grounds  is  such,  thet  its  shadow  does  not  cover  s  material  portion  of  the  ground  and  affect  the  amount  of 
light  (or  radiation,  respectively)  that  ia  reflected  from  the  ground  upon  any  part  of  the  aphere.  Thia 
sphere  is  viewed  from  the  outside  by  an  observer  from  any  direction;  and  the  obaerver  la,  again,  small  or 
distant  enough  from  the  object  sphete  and  its  surrounding  ground  so  as  not  to  interfere  with  the  light 
distribution  on  them.  To  fill  the  condition  of  an  "inherent"  contraat,  the  environment  ia  aasumed  to  be 
aueh  that  the  contraat  is  neither  attenuated  nor  augmented  by  the  medium  between  the  observer  and  the 
sphere.  It  is  also  assumed  that  no  atmospheric  attenuation  (acattering,  absorption)  occurs  in  the  space 
between  the  observer  and  the  sphere.  Furthermore,  both  the  sphere  and  the  ground  will  in  the  ceae  of 
viaible  radiation,  not  emit  any  light  of  their  own. 


Thia  concept  of  a  model  object  has  already  been  propoied  in  an  earlier  publication  (I),  and,  Inevitable 
shortcomings  notwithstanding,  still  appears  auittble  and  appropriate  for  the  above-stated  purposes .  The 
following  arguments  in  favor  of  thia  concept  are  essentially  repeated  from  thet  publication: 

1.  It  reduce*  an  object  to  a  mathematically  easily  accessible  spherical  shape.  In  particular,  it  facili¬ 
tates  interpretation  of  basic  data  obtained  through  its  application  and  makes  it  possible  to  easily 
translste  location*  on  the  model  into  more  general  terms  of  surface  orientation.  The  assumption  of  * 
three-dimensional  full-form  system  permits  the  execution  of  a  series  of  considerations  that  cannot  be 
performed  with  model*  concerned  with  apecifie  aurfaee  oriencations  only.  In  particular,  the  adventages 
of  full-form  model*  come  to  bear,  when  questions  of  optimalization,  location  of  minima  and  maxima,  etc. 
ere  to  be  dealt  with,  as  la  the  case,  for  example,  in  connection  with  the  problem  of  detection  and  re¬ 
cognition  of  objects. 

2.  Physically,  the  convex,  unobsured  portion!  of  the  eurfece  of  an  object,  that  ere  the  charecterletlcum 
of  a  aphere,  are  usually  also  the  ones  most  responsible  for  the  photometric,  spectroscopic  and  colori¬ 
metric  appearance  of  an  object. 

3.  The  condition  of  a  smooch  surface  necessarily  narrows  the  applicability  of  the  model  to  groaa-form 
consideration!  and  will  often  lead  to  minimum  contrasts,  which  can  be  desirable  or  undesirable,  de¬ 
pending  on  the  task  at  hand.  Generally,  this  condition  will  tend  to  be  best  approached  in  small  objects 
but  it  is  for  practical  purpose*  usually  sufficiently  satisfied  in  significant  portions  of  the  surface 
of  complex  objects  ss  well. 

4.  The  assumption  of  s  gray  coloration  of  spher*  and  ground,  and  the  condition  of  perfect  diffusion  sim¬ 
plify  the  theoretical  considerations  and  at  the  »an*  time  enable  further  application  of  the  results 

to  colored  surfaces  '/Jhile,  admittely,  such  a  simplification  neglect*  the  influence  of  colored  natural 
ground  cover*,  it  must  be  remembered  that,  by  and  large,  natural  objects  usually  reflect  through  the 
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entire  visible  spectrum.  They  also  change  their  spectral  appearance  through  the  year  so  as  to  make  ge¬ 
neralization  -  which  is  the  purpose  of  a  model  -  extremely  difficult.  Furthermore,  many  manmade  out¬ 
doors  features  distinguish  themselves  from  natural  ones  by  their  -  sometimes,  as  for  example  in  the 
case  of  camouflsge,  deliberate  -  neutral  coloration.  This  present  article  will  therefore  consider  -  to 
some  small  extent  -  only  the  coloration  of  an  object  introduced  by  the  solar  and  celestial  radiations. 

Since  the  time  of  the  previous  publication,  several  sett  of  new,  more  detailed  data  have  been  published 
and  store  elaborate  computation  capabilities  have  become  available,  which  now  permits  expansion  of  the 
scope  of  the  earlier  study. 

3.  Computations 

In  order  to  determine  contrast  and  color  of  a  model  object,  it  it  first  necessary  to  know  the  basic  com¬ 
ponents  of  the  totsl  illuminance  oceuring  on  its  surface.  These  sre  primarily  the  contributions  made  by  the 
direct  radiation  from  tho  sky  and  the  sun,  and  those  made  by  the  radiation  reflected  from  the  ground.  In 
the  cate  of  the  model  considered  in  this  study,  the  radiation  impingent  on  the  ground  is  identically  the 
same,  in  amount  as  well  as  spectral  composition,  as  that  on  the  upper  pole  on  the  sphere.  In  the  process 
of  reflection,  only  the  amount  of  reflected  radiation  changes  in  accordance  with  the  reflectance  of  the 
ground,  while  the  spectral  composition  -  represented  here  by  the  ratio  V  of  solar  to  celestial  radiation  - 
is  maintained. 

For  the  calculation  of  the  celestial  radiation,  the  data  from  the  ground-based  measurements  during  the 
19)6  Infrared  Measurement  Program  (IRMP'S6)  of  the  Wright  Air  Development  Center  by  Bennett,  Bennett  and 
Nagel  (2-3)  were  employed.  Unlike  almilat  sets  made  at  the  same  and  other  occasions  by  an  airborne  group 
of  the  ScrippM  Institution  of  Oaeanography  Visibility  Laboratory  (4-8),  the  chosen  data  refer  to  a  ground- 
based  station  and  several  sun  altitudes  from  4  to  S5°  during  one  generally  clear  afternoon  and  seem, 
therefore,  particularly  suitable  as  a  point  of  departure  for  future  correlation  of  less  easily  interprec¬ 
able  measurements. 

Lscking  adequate  solar  irradiation  measurements  -  s  sat  of  pyrheliometrlc  data  obtained  during  the  IRMP  by 
D.J.  Portman  and  F.C.  Eldar  (9)  yielded  unrealistically  high  valuss  -,  tha  calculations  of  the  solar  com¬ 
ponent  of  the  illuminance  on  the  point  directly  under  the  tun  were  made  using  Moon's  values  for  the  solar 
radiation  (10)  after  adjusting  them  slightly  to  an  extraterrestrial  f.rrtdiance  of  1401  W/m2  to  conform 
with  the  International  Pyrheliometrlc  Scale. 

That  portion  AEjq  at  a  point  (  )  on  the  sphere,  sfileh  is  attributable  to  the  direct  radiation  from  the 

tun,  it  given  by 

(1)  A  Ecc  ( \,*p )  ■  £  680  y  (w)  •  H  1*1  •ira,y')mcos  Ee  Im/in2 

v»*0 

where  \,f  the  longitude  end  latitude  coordinates,  respectively,  of  the  point  on  the  sphere,  with  reference 
to  the  sun  vertical  A  •  0  and  the  horizontal  equator  of  the  sphere,  SP«  Oj  w  ■  wavelength  of  light; 

680  lm/Watc  •  International  mechanical  light  equivalent;  J (w)  ■  relative  sensitivity  of  the  eye;  H(w) ,  in 
Witt/m2,  •  eoler  irradience  just  outside  the  terrestriel  atmosphere  incident  on  a  surface  perpendicular  to 
the  direction  to  the  sun,  after  Moon  (10);  a  •  attenuation  coefficient  per  unit  of  air  matt;  o  •  sir  mats 
according  to  Bemporsd;  C0  angular  distance  of  point  (  \  f)  from  the  point  of  the  sphere  (  X -  0  t ) 
directly  under  the  sun,  p0  ■  altitude  of  aun  over  the  horison.  It  it  also 

(2)  cos  e0.jiny  sic  p0*co$if  cos  p0  cos  \ 

This  equation  is  valid  within  0  ■  E©  ■  90°,  which  condition  defines  the  sunlit  half  of  the  model  sphere, 
end  AE5Q-O  for  the  rest  of  its  surface.  It  may  here  also  be  inserted  that  Eq  (I)  still  tends  to  result 
in  somewhat  high  value  of  AE$p  ,  probably  due  to  the  rather  unsecured  value  for  the  mechanical  light 
equivalent. 


The  component  of  illumination  AE^Q  (X  ip)  in  a  point  (  X,»p  )  of  the  sky  due  to  direct  skylight  is  given  by 
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entire  visible  spectrum.  They  also  change  their  spectral  appearance  through  the  year  so  as  to  make  ge¬ 
neralisation  -  which  is  the  purpose  of  a  model  -  extremely  difficult.  Furthermore,  many  manmade  out¬ 
doors  features  distinguish  themselves  from  natural  ones  by  their  -  sometimes,  as  for  example  in  the 
case  of  camouflage,  deliberate  -  neutral  coloration.  This  present  article  will  therefore  consider  -  to 
some  small  extent  -  only  the  coloration  of  an  object  introduced  by  the  tolar  and  celestial  radiations. 

Since  the  time  of  the  previous  publication,  several  sets  of  new,  more  detailed  data  have  been  published 
and  more  elaborate  computation  capabilities  have  become  available,  which  now  permits  expansion  of  the 
scope  of  the  earlier  study. 


3,  Computations 

In  order  to  determine  contrast  and  color  of  a  model  object,  it  is  first  necessary  to  know  the  basic  com¬ 
ponents  of  the  total  illuminance  occuring  on  its  surface.  These  are  primarily  the  contributions  made  by  the 
direct  radiation  from  the  sky  and  the  sun,  and  those  made  by  the  radiation  reflected  from  the  ground.  In 
the  case  of  the  model  considered  in  this  study,  the  radiation  iopingent  on  the  ground  is  identically  the 
same,  in  amount  as  well  as  spectral  composition,  as  that  on  the  upper  pole  on  the  sphere.  In  the  process 
of  reflection,  only  the  amount  of  reflected  radiation  changes  in  accordance  with  the  reflectance  of  the 
ground,  while  the  spectral  composition  -  represented  here  by  the  ratio  V  of  solar  to  celestial  radiation  - 
is  maintained. 


For  the  calculation  of  the  celestial  radiation,  the  data  from  the  ground-based  sieaaurcmentt  during  the 
1956  Infrared  Measurement  Program  (IRMP'36)  of  the  Wright  Air  Development  Center  by  Bennett,  Bennett  and 
Nagel  (2-3)  were  employed.  Unlike  similar  sett  made  at  the  tame  and  other  occasions  by  an  airborne  group 
of  che  Serlppa  Institution  of  Oaanography  Visibility  Laboratory  (4-8),  the  chosen  data  refer  to  a  ground- 
based  station  and  several  sun  altitudes  from  4  to  55°  during  one  generally  clear  afternoon  and  seem, 
therefore,  particularly  suitable  as  a  point  of  departure  for  future  correlation  of  less  easily  interpret- 
able  measurements. 


Lacking  adequate  solar  irradiation  measurements  -  s  sat  of  pyrheliooetric  data  obtained  during  the  IRMP  by 
D.J.  Portman  and  F.C.  Elder  (9)  yielded  unrealistically  high  values  -,  the  calculations  of  the  solar  com¬ 
ponent  of  the  illuminance  on  the  point  directly  under  tha  tun  were  made  using  Moon's  valuaa  for  the  solar 
radiation  (10)  after  adjusting  them  slightly  to  an  extraterrestrial  irradianca  of  1401  w/m2  to  conform 
with  the  International  Pyrhellometric  Scale. 


That  portion  AEjg  at  a  point  ( \;vp  )  on  tha  sphere,  shich  it  attributable  to  the  direct  radiation  from  the 
sun,  it  given  by 

(1)  AEcnlXiPl*?  66071*) -H  (w)  •10'alwlm-coj  ca  lm/m2 

3U  w-0 

where  \,<p  the  longitude  and  latitude  coordinates,  respectively,  of  the  point  on  the  sphere,  with  reference 
to  the  tur.  vertical  \  *  0  and  the  horitontel  equator  of  the  sphere,  SP»  0;  w  •  wavelength  of  light; 

680  lm/Watt  ■  international  mechanical  light  equivalent;  ) (w)  ■  relative  sensitivity  of  the  aye;  H(w),  in 
Watt/m2,  •  solar  irradiance  just  outside  the  terrestrial  atmosphere  incident  on  a  surface  perpendicular  to 
the  direction  to  the  sun,  after  Moon  (10);  a  •  attenuation  coefficient  per  unit  of  air  suss;  m  •  sir  mass 
according  to  Bemporad;  Co  angular  distance  of  point  (  \,<p)  from  the  point  of  the  sphere  (1*0  vp-Pg  ) 
directly  under  the  eun,  p0  «  altitude  of  sun  over  the  horiton.  It  it  also 

(2)  cos  e0  .  sin  vp  sm  p0»co«ip  cos  3o  cos  *■ 

This  equation  it  valid  within  0  *  co  ■  90°,  which  condition  defines  the  sunlit  half  of  the  model  sphere, 
end  AEjg'O  for  the  rest  of  ite  surface.  It  may  here  also  be  inserted  that  Eq  (I)  still  tends  to  result 
in  somewhat  high  value  of  AEjq  ,  probably  due  to  the  rather  unsecured  value  for  the  mechanical  light 
equivalent . 


The  component  of  illumination  At hD  (X,y)  in  a  point  (  )  of  the  sky  due  to  direct  ekylight  is  given  by 
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to  th«  determination  of  location  where  lueh  condition*  occur. 

At  an  example,  Hr.  4  shows  tha  locationt  of  tha  minimus  and  maximum  illuminance,  when  tha  ground  reflec¬ 
tance  changes .  Particularly  interaating  it  hare  tha  transition  of  tha  point  of  maximum  illuminance  from  a 
latitude  well  above  tha  point  directly  under  the  sun  for  taro  ground  reflectance,  to  much  lower  latitudes 
at  increasing  reflectances. 


5.  Surface  Contrasts 

Three  types  of  contrast  were  investigated  ss  further  examples  of  the  utility  of  the  model  sphere  concept  in 
practical  applications: 


I.  The  inherent  contrast  wlthiu  a  field  of  view  of  given  site,  as  seen  from  an  outside  observer  (sun- 
face  contrast) 

1.  The  contrast  of  the  sphere  along  the  edge  of  the  field  of  view  in  relation  to  the  background  of  the 
sphere,  i.e.  against  the  ground  or  the  «ky  (contour  contrast) 

3.  color  varlationi  on  the  sphere 


For  this  purpose,  an  observer  or  a  camera  is  imsgined  to  look  from  outside  the  sphere  toward  its  center 
in  a  principal  direction  (_A_,$  ).  The  coordinate  system  of  these  directions  is  oriented  like  that  for  the 
sphere  surfsce  (X<P)  itself,  so  that  the  surface  point  (XjP)  is  the  nadir  point  with  respect  to  the  obser¬ 
ver.  The  observer  is  then  thought  to  be  able  to  survey  e  circular  area  on  the  sphere  which  is  centered  at 
(  Xf  )  and  whose  radius  is  determined  by  an  angle  W  subtended  at  the  center  of  the  sphere  (see  Fig.  3). 
uj  »  90°vill  therefore  describe  a  situation  whare  the  entire  half  sphere  feeing  the  observer  is  visible  to 
him.  Smaller  fields  of  view  arc  of  importance  for  the  study  of  situations  where  large  objects  are  involved, 
such  as  in  the  case  of  navigation  over  mountainous  terrain,  or  when  the  field  of  view  is  narrowed  by  opti¬ 
cal  instrumentation,  photographic  cameras,  microscopes,  telescopes,  or  the  like.  In  operations  involving 
visual  observation,  the  object  contrast  may  than  define  the  probability  of  detecting  an  object;  in  the 
photographic  application  it  will,  for  example,  determine  the  required  expoeure  range  of  the  film,  etc. 


For  the  present  study,  the  relationship 


(8) 


C  a  8max  -  Emin 
fa ex  ♦  Emin 


wee  used  to  define  a  contrast.  Hare  Emax  and  Emin  are  the  maximum  and  minisus  irradiancas,  or  luminances, 
respectivsly,  within  the  field  of  view.  For  reference  and  comparison,  Appendix  I  contains  s  msnber  of 
values  for  various  other  definitone  in  coeoon  use, 

Fig.  6  illustrates  ths  case  when  an  observer  sees  the  entire  sphere  (u)  •  90°).  Tha  line*  indicate  viewing 
directions  from  which  the  Inherent  surfsce  contrast  within  the  field  of  view  remains  the  same.  Ths  iter 
at  the  meridian  j\_«  0  indicates  the  direction  of  the  sun. 

Of  spscisl  inttrest  is  hsre  th*  upper  section  of  the  presentation  which  contains  tha  directions  applicable 

to  aerial  observation  and  other  situation*  where  th*  observer  look*  downvscd  on  th*  subject.  In  the  esse 

shown  -  that  is,  for  a  sun  altitud*  of  5}8  and  ground  reflectance  20  t  -  a  large  section  of  that  upper  half 
it  blank  end  aarksd  82,  indicating  that  for  ell  the  direction*  psrtsining  to  this  section  ths  inherent 
surface  contrast  stays  tt  that  level;  primarily  because,  looking  at  the  object  from  any  of  these  direction*, 
both  the  sphere  point  hiving  the  greateet  llluminttlon  and  that  having  tha  tmellesr.  on*  are  within  the 
field  of  view  of  the  observer.  For  all  directions  outside  the  blank  area,  tb*  surface  contraet  diminishes 
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and  ia  lowest  from  a  direction  about  opposite  that  of  the  eun,  commonly  referred  to  at  a  situation  of 
"backlighting". 


Fig.  7  deaonstrates  the  use  of  the  model  in  a  study  on  the  influence  of  the  ground  reflectance  on  Che 
surface  contrast  in  the  observer's  field  of  view  by  showing  the  displacement  and  deformation  of  the  line 
for  directions  from  which  a  surface  contrast  of  0.7  is  maintained.  By  meant  of  illustrations  of  this  kind, 
an  observer  from  an  unspecifiable  direction  and  at  different  seasons  of  the  year,  i.e.  bare  vs  snow  covered 
ground.  (Ocher  conditions,  -  in  particular,  illuminance  levels,  sun  altitude  and  background  -  remaining 
equal,  a  greater  number  of  observation  directions  should  be  available  for  detecting  an  object  when  the 
ground  is  bare.) 

Of  course,  when  the  field  of  viev  becomes  smaller,  there  are  fewer  chances  of  seeing  the  two  locations  of 
absolute  minimum  and  maximum  sphere  Illuminance  simultaneously.  Therefore,  the  contrast  within  a  given 
field  of  view  will  tend  to  be  small  in  a  small  field  of  view,  or  at  a  small  u>  ,  respectively.  Vice  versa, 
there  will  be  fever  directiona  from  which  an  objef.  appears  above  a  minimum  contrast;  and  Fig.  8  illustra¬ 
tes  the  dependency  for  three  fielda  of  viev  o'  differing  size  at  the  standard  53.5°  snlar  altitude  and  a 
ground  reflectance  0.2.  In  the  illuatratior,  the  hatched  side  of  the  lines  shown  indicate  the  viewing 
directions  from  which  the  contrast  in  the  object  is  smaller  than  the  required  one  of,  in  this  case,  0.7. 

Fig.  9  elaborates  on  this  statement  in  the,  perhaps,  more  practical,  application  when  an  object  is  ima¬ 
gined  to  be  observed  from  an  aircraft  during  a  direct  overflight  within  the  sun  vertical.  Three  different 
field*  of  view  with  half-angle  w  are  assumed;  the  geometry  is  indicated  in  the  insert.  It  can  be  seen, 
that  the  contrasts  not  only  become  smaller  with  a  diminishing  field  of  view,  being  smallest  when  r.he  ob¬ 
ject  is  viewed  approximately  from  the  direction  of  the  aun.  They  also  fluctuate  the  lesa  during  the  over¬ 
flight,  the  larger  ui  becomes;  a  fact,  that  may  become  of  interest  for  the  visual  observer  as  well  as  for 
example,  a  photographer  or  engineer  engaging  films  or  detectors  having  a  limited  dynamic  range. 

6.  Contour  Contrast 

At  time*  -  particularly  during  the  night,  at  overcast  aky  condition*,  or  within  clouds  or  fog  -  it  is  the 
contour  contrast  rather  then  the  surface  cont.-ast  that  dominates  the  detection  and,  even  more  so,  the  re¬ 
cognition  process  of  a  surveillance  or  reconnelsssi  ce  task.  A  set  of  calculations  was  made,  in  order  to  ob¬ 
tain  an  indication  of  the  trends  and  magnitudes  involved. 


For  this  study,  an  observer  vaa  again  envisaged  to  view  the  object  sphere  in  a  principal  direction  (A,4>  ) . 
Contrary  to  the  earlier  proposition,  the  obierver  ia  now  located  at  a  fixed  altitude  H  ■  RCsecui—  1  )above 
the  point  (  )  of  the  sphere,  however,  where  R  ia  the  isdiut  of  the  sphere.  From  that  altitude,  the  ob¬ 

server  ia  able  to  turvey  on  the  sphere  a  circular  field  of  view,  whose  radius  sustends,  ts  before,  the 
angle  lo  at  the  center  of  the  sphere.  The  contour  contrast  is  then  determined,  on  one  hand,  by  the  luminance 
lK  of  the  sphere,  and,  on  tha  other  hand,  by  the  luminance  Ig  of  the  background  as  scan  by  the  observer, 
when  both  luminances  are  measured  at  adjacent  points  along  th*  circumference  of  the  observer's  field  of 
view.  The  location  of  these  point*  with  respect  to  (  >  ,<p  )  it  given  by  an  azimuthal  viewing  angle  Q  ,  with 
&m  0  oriented  ee  shown  in  Fig.  8.  The  numerical  magnitude  of  the  contour  contrast  was  defined  to  be 


(9) 


CC 


lK  -  1 8 
l-K  +  Lg 
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and  che  location*  pertaining  to  L|(  and  ig  are  given  aa  follow* 


a)  location  on  che  ephere: 


f  sin  <p  ($1  ■  sin  w  cos  9  cos®>  cos  u>  sinvp 

1  ■  ti  ^  sin  O' sin  w 

l«.n  (X-X10))-  -cos9<&) 

b)  aaaociated  location  in  the  background 

[  sin  P  (©1 » cos  w  cos  9  cos  &- sin  ui  sin  if 


(II) 


l.  sin  (X-alfll)  * 


smfr  cos  00 
cos  (3  (0) 


When  (3 1&)  «  0  ■  the  aaaociated  background  luminance  If)  ia  that  of  the  ground;  otherwiae,  that  of  the  aky 

at  (<M?I,|3  I  O')  ).  The  condition  for  the  natural  horizon  at  seen  from  the  obaerver  ia 


(12)  cos  (Mg  uj-tg  y 


The  aky  luminances  were  taken  from  the  appropriate  aky  map*  (Pig.  I)  or  from  the  computed  ground  illumina¬ 
tions,  multiplied  by  che  ground  reflectance  fi  ,  vhich,  in  the  executed  example*  we*  aaaumed  to  he  0.2, 
while  the  sphere  waa  assigned  a  reflectance  J>  ■  0.03,  simulating  a  rather  dark  camouflage  point. 


Fig.  10  show*  the  contour  contrast  along  the  circumference  of  the  observer's  field  of  view  on  the  sphere, 
as  a  function  of  Che  azimuthal  viewing  angle  &  ,  for  three  fields  of  view  of  differing  size  or  three  ob¬ 
server  altitudes,  respectively,  corresponding  to  the  angular  radii  U)  •  30;  60  and  90°.  The  graph  for 
w  -  90°  ia  again  associated  with  a  field  of  view  covering  an  entire  half-sphere  and  accordingly  with  a 
very  great  distance  of  the  obaerver  from  the  object.  The  example  assumes  a  principal  vieving  direction 
(  A' 0  ‘I1  -  3  ),  meaning  a  horizontal  view  of  the  sphere,  with  the  sun  in  the  bsck  and  above  the  obaerver. 
Only  the  absolute  values  of  the  contrast  aro  given.  Under  the  aaaumed  conditions,  all  contrasts  are  in 
reality  negative,  due  to  the  low  reflectance  of  the  sphere.  The  vertical  break  in  the  graphs  is  caused  by 
the  discontinuity  of  the  background  luminances  at  the  horiton  due  to  the  brightness  difference  between  the 
aky  and  the  ground.  Contrary  to  the  conditions  regarding  the  surface  contrast,  it  is  only  incidental  to  the 
viewing  direction  choeen  in  the  example,  that  a  small  <0  results  in  small  contour  contrasts.  Also,  the 
symmetry  of  the  graphs  will  disappear  if  the  observer's  location  is  outside  the  sun  vertical,  or  when  A 
is  other  than  tero,  respectively . 


The  other  graph  relating  to  the  contour  contrast.  Fig.  II,  illustrates  the  conditions  when  an  observer  ia 
imagined  flying  over  an  object  at  great  heights  and  viewing  it  from  a  variety  of  directions  within  the 

sun  vertical,  for  two  site*  of  the  field  of  view.  Of  these,  the  case  for  u>  -  90°  can  be  taken  to  represent 
the  contour  contrast  conditions,  for  example,  in  a  typical  downward-vertical  wide-angle  (120°)  scan  of  a 
scene  consisting  of  many  small  objects.  The  directions  from  which  these  objects  are  viewed  are  then  vary¬ 
ing  within  the  30°  to  150°  range  considered  in  this  graph.  The  plots  being  symmetrical,  only  one  half  is 
ahown. 

Except  for  the  rather  gentle  bend  where  the  edge  of  the  field  of  view  crosses  the  boundary  of  the  half 
sphere  directly  irradiated  by  the  sun,  no  abrupt  discontinuity  appears,  as  was  the  case  in  Fig.  lo  •  This  is 
*0,  because  the  natural  horizon  ia  outside  the  range  of  the  field  of  view,  and  the  uniformly  illuminated 
ground  forma  the  only  background  within  the  seen*.  At  u>  •  90°,  thia  bend  will  under  the  assumed  condition 
always  occur  at  0  ■  90°,  corresponding  to  the  diameter  of  the  object  sphere  which  is  at  right  angle  to  the 
aun  vertical . 

While  the  contour  contrasts  in  Fig.  II  are  high  in  comparison  to  the  surface  contrasts  appearing  in  the 
earlier  illustrations,  thia  ia  due  only  to  the  high  ratio  of  the  ground  reflectance  to  sphere  reflectance 
assumed  in  this  particular  example.  The  conditions  for  other  reflectance  ratios  can  be  easily  derived  uiing 
che  values  in  che  table  of  Appendix  I. 


7.  Color 

Only  little  space  can  here  be  Riven  the  discussion  of  the  color  contrast  in  the  object  that  is  caused  by  the 
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three  component*  of  radiation  acting  on  It*  surface.  Each  of  these  component*  -  radiation  from  the  tun, 
radiation  from  the  *ky,  and  radiation  impinging  from  the  direction  of  the  ground  -  has  it*  own  spectrum, 
or  color,  respectively;  and  the  color  in  each  point  of  the  model  sphere  is  a  mixture  of  these  three  colors 
as  determined  by  the  percentages  by  which  each  component  contributes  to  the  total  illuminance  in  that  point. 
Leaving  the  treatment  of  the  rather  complex  case  of  colored  ground  coverings  to  a  future  special  publica¬ 
tion,  a  neutral  ground  it  here  assumed,  which  reduces  the  active  color  components  to  those  due  to  the 
sky  and  the  sun. 

The  procedure  of  determining  the  color  is  described  in  detail  in  the  previous  article  (I).  It  involves  the 
determinstion  of  the  ratio  V  of  the  tvo  illuminance  components  for  every  point  on  the  sphere;  the  calcu¬ 
lation  of  the  combinded  spectrum  of  the  sun  and  sky  as  a  function  of  V  ;  the  conversion  of  spectral  irra- 
diances  to  visual  illuminances;  the  computation  of  the  chromaticity  coordinates  and  of  the  dominant  wave¬ 
length,  which  together  with  the  purity  factor  determines  the  color  impression,  as  a  dependency  of  V  ;  and, 
finally,  plotting  lines  of  equal  dominant  wavelengths  on  the  sphere. 

The  following  graphs  illustrate  the  principal  step'  of  this  procedure  as  applied  to  the  standard  cate  for 
a  sun  altitude  of  53. 5°,  which  should  be  fairly  repr.  tentative  for  the  conditions  at  medium  solar  eleva¬ 
tions.  The  spectral  data  for  the  solar  and  celestial  aviations  used  are  the  same  ones  employed  in  (I) 
end  are  based  on  Moon's  <IO)  and  Herrmann's  (II)  respective  publications.  They  are  shown  in  Fig.  |2, 
while  Fig.  13  represents  the  relationship  between  the  ratio  V  and  the  dominant  wavelength  with  respect 
to  the  chromaticity  locus  of  the  standard  i llura inant  C  of  the  International  Commission  on  Illumina- ion 
(C.I.E.)  as  derived  in  (I). 

The  distribution  of  the  ratio  V  on  the  model  object,  calculated  through  tq  (I)  to  Eq  (6)  is  plotted  in 
Fig.  14  showing  lines  of  equal  ratios;  and  Fig.  15  depicts  the  locations  of  equal  dominant  wavelengths 
on  the  subject  baaed  on  Fig.  13. 

Of  course,  these  equal-dominant  wavelength  lines  follow  closely  the  pattern  of  the  lines  of  equal  V  , 
and  a  range  of  V  from  0.6  to  7.62  occurs  on  the  object  under  the  sample  conditions,  corresponding  to  a 
range  of  dominant  wavelength*  from  about  540  to  570  nm;  that  is  from  a  blue-green  to  a  yellov-green  hue. 

The  cross-hatched  line  in  the  graph  connects  the  points  of  minimum  V  or  the  smallest  dominant  wavelength, 
reapeetivly,  along  each  meridian  line  of  the  sphere.  Accordingly,  it  represents  the  locus  of  surface  ori¬ 
entations  on  an  object  where  the  color  tends  mos _  to  become  bluish-green  and  may  therefore  appropriately 
called  its  "blue  line",  although,  of  course,  the  color  along  its  length  changes. 

Fig.  ,  finally,  demonstrates  hew,  under  the  same  conditions,  the  line  for  V  ■  3,  corresponding  to  a 
dominant  wavelength  of  about  570  nm,  would  shift  locations  on  the  object,  if  che  ground  reflectance  vould 
change. 

Even  though  color  differences  such  as  demonstrated  in  the  last  two  illustrations  are  quite  couspicuou* 
in  bright  -  for  example,  snow-covercd  -  scenes,  ths  human  eye  cannot  discern  them  readily  in  dark  or 
colored  objects.  On  the  other  hand,  many  non-physiological  sensors,  including  certain  types  of  wavelength- 
selective  detector*  and  most  comercial  color  films,  respond  strongly  to  such  differences,  which  then 
manifest  themselves  in  spptrent  radiometric  derivations  and  anomalies,  or,  in  the  case  of  films,  in  the 
form  of  color  casts  chat  may,  in  turn,  give  rise  to  misinterpretation* . 

It  has  also  a  variety  of  scientific-metre  logical  and  technical  implications,  how  -  in  fact:  that  -  a 
change  in  ground  reflectance  cauaes  not  only  a  change  in  the  distribution  of  illuminance  in  an  objact;  but 
as  Fig. 16  shovs,  a  change  of  Illuminance  is  always  sccompsnled  by  a  change  in  the  distribution  of  color, 
even  though  the  ground  Itself  is  neutral  gray. 

S,  Conclusion 

In  conclusion,  it  is  hoped  that  the  example!  cited  in  this  paper  of  application  of  the  discussed  concept 
of  a  model  for  the  illuminance,  contrast  and  color  conditions  in  outdoor  objects  have  demonstrated  its 
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potential  utility  in  a  number  of  disciplines  Involving  visibility  taaka.  It  ia  intandad  to  davalop  it 
furthar,  covaring,  for  example,  apactral  ragiona  outalda  the  visible  range;  the  influence  of  colored 
ground  covering;  and  altuationa  where  the  illuminatio.i  conditiona  are  modified  by  the  geometry  of  the 
objecta  vicinity,  auch  aa  the  preaence  of  a  nearby  well. 
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fig.  2 


Llnea  of  total  illualnanea  on  the  eurtaea  of  ■  inhere,  for  •  tun  altitude  of  5S°,  e round 
reflectance  0.2  and  elevation  1870,  In  1000  la/a  . 


WP— * 

"  ■  l#’  I  • 


Shoving  dliplacraant  of  the  equel-lllwinance  line  for  *0.000  le/e^ ,  vnen  ground  re¬ 
flectance  _p  chaogaa.  Sun  altitude  51. 5°,  elevation  IS70  a, 


fig.  1 


Location  of  maximm  and  minimum  Illuminance  on  a  aphere ,  in  degreea  above 
of  the  aphere  In  the  aun  vertical,  aa  a  function  of  the  ground  reflectance 
tude  53,$°,  elevation  1870  m. 


the  equator 
.  Sun  alti- 


Defining  ayabole  uaed  to  deecribe  viewing  geometry. 


rig.  7  Showing  dleplaeanant  of  linee  of  viewing  direction#  in  which  equal  aurface  eontraat 

0.7  axiate  in  (ha  field  of  viav,  aa  a  function  of  ground  reflectance.  Solar  altitude 
53.3  ,  u )  -  90°. 


rig.  « 


allowing  bund  la  o  of  viawing  direction#  in  which  equal  aurface  eontraat  0.7  exiata  in 
the  field  of  view,  whan  the  elaa  of  the  field  of  viav  change#.  Sun  altitude  53.5°, 
ground  reflectance  0.2. 


o*  20*  $  to*  60*  «0*  100*  120*  HO*  160* 

VIEWINC  DIRECTION  (WITHIN  SUN  VERTICAL)  $  - - 


9  Surface  contraac  within  the  field  of  view,  when  flying  over  >n  object  in  the  plane  of 

the  eun  vertical,  for  three  aisee  of  the  field  of  view.  Sun  altitude  53.5°,  ground 
reflectance  0.2 . 


Contour  contrait  along  tha  boundary  of  the  flald  of  view  for  three  flzao  of  the  field 
of  view.  Viewing  direction  horizontal,  eun  above  and  behind  the  obaerver.  Sun  altitude 
53.5  ,  ground  rafleetance  0,2,  aphera  reflectance  0.03. 


Contour  contrast  along  die  boundary  of  the  field  of  viev  for  two  different  sizes  of 
the  field  of  view  (  ui  ■  60°  end  90°),  for  five  different  viewing  directions  in  the 
plane  of  the  sun  vertical.  Solar  altitude  53.5°,  ground  reflectance  0.02,  sphere  re' 
flectance  0.03. 


Dominant  wavelength  In  nt.  as  a  function  of  the  ratio  V  of  eolar  and  sky  contr ibutiona 
to  the  illuminance. 
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Appendix  I 


Convero ion  of  Contrast  Values 
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SUMMARY 

After  sunset  and  before  sunrise  the  visual  task  of  the  airborne  observer  becomes  radically  different  from  that  which  he  must 
perform  during  the  daylight  hours.  The  scene  is  characterized  by  low  levels  of  prevailing  luminance,  and  the  most  common  object 
which  he  may  discern  on  the  ground  is  likely  to  be  an  angularly  small,  self-luminous,  and  usually  man-made  light.  The  range  at 
which  any  such  target  will  be  seen  depends  upon  the  physical  properties  of  the  source,  such  as  its  intensity  and  color,  the  length 
of  time  for  which  it  is  exposed  to  view,  the  transmissivity  of  the  atmospheric  path  of  sight,  and  the  visual  performance  capabilities 
of  the  observer.  This  paper  describes  some  new  data  which  apply  to  this  problem,  and  suggests  that  the  relationship  between  visi¬ 
bility  and  flash  duration  may  be  somewhat  more  complex  than  has  usually  been  assumed.  The  results  have  application  to  both  ag¬ 
gressive  and  defensive  needs,  and  are  of  interest  to  the  signalling  community  in  general. 


INTRODUCTION 


During  the  hours  of  twilight  and  darkness  the  airborne  visual  observer  must  perform  the  critical  task  of  detecting  and  inter¬ 
preting  a  great  variety  of  ground-based  lights.  These  lights  may  be  either  steady  or  flashing,  and  color  may  be  an  important  clue  to 
their  identity  and  interest.  Many  examples  come  readily  to  mind,  such  as  vehicle  lamps,  highway  lights,  beacons,  flares,  aircraft 
landing  aids,  aids  to  navigation,  ships'  lights,  and  a  great  variety  of  civil  and  military  ground  installations.  They  may,  obviously, 
be  either  friendly  or  unfriendly. 

From  the  standpoint  of  the  visual  process  these  lights  are  almost  invariably  so  small  in  their  angular  dimensions  that  they 
may  be  treated  as  point  sources.  This  is  to  say  that  the  subtended  angle  at  the  observer's  eye  is  below  the  resolution  limit  of  his 
visual  system,  and  that  the  lights  in  question  may  be  considered  to  obey  the  inverse-square  law  of  illumination.  In  consequence  of 
this  property  the  detectability  of  a  distant  light  will  be  governed  by  its  inherent  intensity  and  its  distance  from  the  observer.  In  the 
simplest  case,  neglecting  atmospheric  attenuation,  the  illumination  reaching  the  eye  is  directly  proportional  to  the  intensity  of  the 
source  and  inversely  proportional  to  the  square  of  the  distance  from  source  to  eye.  In  addition  to  the  reduction  in  illumination  at¬ 
tributable  to  the  inverse-square  relationship,  the  energy  is  usually  further  reduced  by  atmospheric  absorption  and  scattering,  and  by 
anything  which  lies  before  the  observer's  eye,  such  as  optical  instruments,  aircraft  windscreens  or  goggles. 

A  significant  reduction  in  the  visibility  of  lights  may  occur  if  the  time  available  for  observation  becomes  brief.  If  the  ex¬ 
posure  time  is  shorter  than  a  second  or  two,  as  is  frequently  the  case  with  flashing  lights  or  at  relatively  high  aircraft  speeds,  the 
required  intensity  for  detection  at  a  given  range  is  higher  or,  conversely,  the  detection  range  for  a  given  intensity  is  reduced. 

The  general  problem  of  seeing  brief  pulses  of  light  has  been  recognized  and  studied  for  many  years,  and  approximately  six 
hundred  existing  publications  attest  to  the  continuing  high  interest  in  the  phenomena  associated  with  it.  Many  of  these  papers  re¬ 
flect  attempts  to  quantify  the  relationship  between  flash  duration  and  visibility,  and  many  have  explored  such  other  stimulus  param¬ 
eters  as  color,  pulse  shape,  adapting  luminance,  and  position  in  the  visual  field.  In  spite  of  this  seeming  wealth  of  available  data 
it  has  become  evident  that  very  little  of  the  published  information  is  applicable  to  the  practical  case.  This  unhappy  state  of  affairs 
results  primarily  from  the  fact  that  many  studies  were  restricted  in  their  range  of  conditions,  imposed  special  experimental  con¬ 
straints  (such  as  artificial  pupils,  monochromatic  light,  and  uniocular  viewing),  or  were  addressed  to  the  support  of  a  particular 
theoretical  position.  This  is  not  to  be  taken  as  criticism  of  these  studies;  it  serves  only  to  point  up  the  relative  paucity  of  useful 
data  in  a  seeming  plethora  of  available  papers.  Certain  general  features  of  the  time-intensity  relationship  in  human  vision  have, 
nonetheless,  been  establish'd  beyond  possible  doubt.  It  is  undisputed  that  the  detectability  of  extremely  short  flashes,  in  the  milli¬ 
second  and  microsecond  range,  is  determined  by  the  product  of  the  time  and  the  intensity,  and  that  this  holds  true  rigorously  for  any 
pulse  shape  and  for  trains  of  successive  flashes. 


At  the  other  end  of  the  duration  continuum  it  is  usually  assumed  that  the  detectability  is  independent  of  diration  and  is  de¬ 
termined  by  intensity  alone.  II  so.  we  may  now  say  that  the  time-intensity  function,  or  the  curve  relating  the  amount  of  energy  re¬ 
quired  for  detection  to  the  diration  cf  the  flash,  is  described  by  the  equation  I- 1  =  C  at  the  shortest  flash  lengths  and  by  the  equa¬ 
tion  I  =  C  lor  very  tong  pulses.  On  a  logarithmic  grid  the  data  fall  on  two  straight  lines  with  slopes  of  minus  one  and  zero,  respec¬ 
tively.  as  indicated  in  Figtre  1. 


The  form  of  this  function  in  the  transition  zone  has  for  many  years  been  the  subject  of  investigation  and  debate,  but  there 
has  rarely  been  argiment  about  the  limiting  asymptote  at  the  shorter  durations  and  the  approach  to  I  =  C  has  the  sort  of  ccrrmon- 
sense  appeal  that  the  vast  majority  of  investigators  have  found  irresistible.  (One  notable  exception  is  seen  in  the  quantum  theory 
which  predicts  that  I  t  1  =  C  at  long  durations,  giving  a  limiting  slope  of  minus  one  half.)  By  far  the  most  lamitii*  formulation  of  the 
time-intensity  function  is  that  of  Bkmdel  and  Rey  (1,2),  who  believed  that  the  transition  must  be  gradual  and  who  found  their  data  to 
be  reasonably  well  lit  by^  an  equation  of  the  form: 


-  KiV-- 
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where  l(  is  the  effective  intensity  and  a  is  a  constant  which  varies  considerably  with  experimental  conditions  but  is  often  taken 
to  be  about  0.2  second.  The  Blondel-Rey  eqjation  as  given  in  (1)  is  strictly  applicable  only  to  square-wave  pulses,  and  they  subse¬ 
quently  gave  an  integral  form  to  handle  any  pulse  shape: 


0.21  +  (t2-t,) 


<2> 


The  Blondel-Rey  formula,  then,  describes  the  time-intensity  function  as  a  curve  with  the  shape  shown  in  Figure  2,  which  has  been 
drawn  with  a  =  C.2  second  in  accordance  with  the  recommendation  of  the  Commission  Internationale  de  I'Eclairage  for  the  thresh¬ 
old  case. 


Figwel.  Tha  assumed  limiting  slopes  ot  0m  tlme-in(*n*ity  function.  At  wry  short 
exposures  detectability  is  datarminad  by  ttw  product  at  lino  and  iniansity. 
whit*  M  vary  long  ants  furthor  tin*  dart  not  r**uh  in  ■  low*r  threshold. 


figw*  I  Th*  than  el  th*  lane-intensity  tactm*  a*  pradwead  by  Hand*!  end  a»y .  Th* 
veto*  of  *  is  taken  to  be  02.  Th*  pawn  m  which  the  cam*  departs  bom  m# 
Inmcity  e<  I  t  -■  C  ts  called  Pi*  cwicet  dvsnan,  t. 


B8-3 


...  'n  !h8  year,S  fo,lowin9  'heiwork  of  Blond®'  and  *  number  of  studies  have  beon  performed-which  sought  to  confirm  or  to 
modify  them  formula,  to  extend  the  experimental  conditions  to  include  colored  stimuli,  larger  sources  and  rmn-square-wave  pulse 
forms,  and  to  apply  their  concept  in  the  evaluation  of  the  effective  intensity  of  flashing  lights  of  many  kinds  under  threshold  as  well 
a  suprathreshold  conditions.  As  better  and  better  experimental  techniques  became  available  the  data  becanTever  m£e  Yxtens^!, 
and  precise,  and  during  the  last  decade  or  so  a  number  of  experiments  have  been  reported  which  allow  us  to  make  a  critical  assess- 
ment  of  the  time- intensity  relationship. 


By  no  means  do  the  results  of  these  investigations  agree  in  confirming  the  adequacy  of  the  Blondel-Rey  formulation  to  de¬ 
scribe  the  lime-intensity  relationship.  A  recent  survey  by  Kishto  (3)  of  22  papers  published  between  1887  and  1369  clearly  shows 
that  the  transition  zone  may  be  either  -,harp  or  gradual,  and  that  the  value  of  a  is  found  to  range  from  less  than  0.1  to  about  0.6. 
These  wide  differences  are  ascribed  to  variations  in  experimental  method,  the  relative  goodness  of  fixation,  and  to  the  methods 
of  statistical  treatment  of  the  data.  In  1970  the  United  States  Coast  Guard,  in  an  attempt  to  reconcile  some  of  these  differences 
and  to  develop  an  optimum  method  for  the  evaluation  and  specification  of  navigational  aids  lights,  sponsored  a  meeting  at  the 
Visibility  Laboratory  of  the  University  of  California  at  San  Diego.  This  meeting,  which  lasted  for  five  weeks,  was  attended  by 
r*.  Charles  A.  Douglas  of  the  U.  S.  Bureau  of  Standards.  Dr.  Hans  Joachim  Schmidt-Clausen  then  of  Philips  Research  Laboratories. 
Dr.  Bhoopendranath  Kishto  then  of  the  Road  Research  Laboratory  of  the  U  K  (now,  unfortunately,  deceased)  and  the  author.  Although 
the  deliberations  of  this  meeting  did  not  result  in  the  hoped-for  concordance  of  opinions  and  did  not  produce  the  desired  elegant 
system  for  the  evaluation  of  lights,  it  was  generally  agreed  that  the  major  points  of  difference  might  be  resolved  by  a  series  of 
experiments  addressed  specifically  to  a  mere  adequate  definition  of  the  time-intensity  function.  In  consequence  of  this  need,  a 
series  of  experiments  have  been  performed  at  our  Laboratory  which  shed  new  light  on  this  old  problem,  and  which,  we  believe,  show 
that  th3  time-intensity  relationship  is  by  no  means  as  simple  as  we  once  thought.  In  this  paper  I  will  report  upon  some  of  our  re¬ 
sults  and  discuss  their  application  to  the  visibility  of  lights  from  the  air. 


EXPERIMENTAL  DESIGN 

The  transition  region  of  the  duration  function  has.  as  we  have  indicated,  attracted  the  interest  of  many  experimenters.  The 
debate  over  whether  the  curve  is  sharp  or  gradual  has  been  vigorous  and  extensive,  and  there  are  data  in  the  literature  which  may 
be  shown  to  support  either  argument.  Only  fairly  recently,  however,  has  the  assumption  of  the  limiting  asymptote  at  long  expo¬ 
sure  times  been  called  into  question.  Adherents  to  the  quantum  theory  of  vision  predict  that  the  limiting  slope  must  be  minus  one- 
half,  as  shown  in  Figure  3.  although  it  seems  most  unlikely  that  the  downward  trend  of  the  curve  could  continue  indefinitely. 

A  detailed  treatment  of  the  quantum  hypothesis  as  applied  to  flashing  lights  may  be  found  in  Bouman  (4).  Quite  aside  from  this, 
there  is  now  a  growing  body  of  evidence  from  experimental  studies  which,  in  my  view,  compels  us  to  doubt  either  the  I  =  C  or  the 
square-root  asymptote. 


Figire  3.  The  form  of  ihe  duration  function  ;i  predicted  by  the  qu*ftH  e  hypothec t». 
(Cl .  Bouman) 


With  very  few  exceptions  the  assumption  that  I  =  C  at  long  durations  has  pervaded  the  literature.  Indeed,  in  many  instances 
wc  find  that  experimenters  have  simply  stepped  their  studies  as  soon  as  a  pair  of  points  were  found  with  about  the  same  threshold 
intensity.  In  at  least  one  widely  quoted  study  the  data  were  "  smoothed"  in  order  to  make  them  conform  to  the  I  =  C  notion,  even 
though  this  required  that  considerable  violence  be  done  to  the  obtained  values  of  threshold.  There  are  other  reasons,  however,  why 
the  true  form  of  the  duration  function  might  be  obscured,  quite  aside  from  any  theoretical  bias.  First,  if  there  were  an  insufficient 
number  of  different  flash  durations  tested,  there  is  danger  that  any  fine  struct tre  which  the  curve  may  have  will  not  be  detected. 
Second,  if  only  one  or  two  observers  are  involved,  as  is  frequently  the  case,  there  is  a  danger  that  idiosyncratic  effects  may  influ¬ 
ence  the  apparent  shape  of  the  function  Third,  if  the  data  from  a  number  of  observers  showing  the  same  function  but  with  different 
threshold  values  we  averaged,  there  is  a  high  likelihood  that  the  average  curve  will  show  a  smooth  transition  Fourth,  if  me 
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experimental  method  is  less  than  optimal  and  the  number  of  observations  is  small,  it  is  possible  that  the  data  will  be  so  noisy  as  to 
obscure  the  fine  structure  of  the  function  and  preclude  any  meaningful  analysis  of  the  data. 

Some  clarification  of  the  problem  is  provided  by  a  study  by  Clark  and  Blackwell  in  1959  (5).  who  studied  the  duration  func¬ 
tion  with  an  improved  psychophysical  method,  used  seven  observers,  and  covered  the  range  from  less  chan  a  millisecond  to  one  sec 
ond  using  as  many  as  22  different  durations.  Their  data  clearly  showed  that  the  function  was  doubly  inflected,  as  suggested  in 
figure  4,  and  that  the  lower  limiting  asymptote  had  not  been  reached  even  at  their  longest  exposure  times. 


Figure  4.  The  general  shape  of  the  duration  function  as  reported  by  Clark  and  Blackwell 
tflof  3),  for  circular  targets  subtending  T8  2  n»if\utes  of  arc  againsi  a  background 
of  zero  luminance. 


The  experiments  of  Clark  and  Blackwell  were  conducted  using  background  luminances  of  zero  and  34  nits  (0  and  10  ft-l)  in 
order  that  any  diffetences  in  the  duration  function  due  to  the  Change  from  scotopic  to  photopx  vision  might  be  demonstrated.  While 
these  cases  are  of  considerable  theoretical  interest,  they  do  not  represent  the  intermediate  range  of  adaptation  conditions  which  are 
frequently  found  in  the  real  world  The  experiments  tc  be  described  here  apply  to  the  case  of  a  mescpic  adaptation  level  that  was 
shown  by  a  number  of  photometric  surveys  to  be  quite  typical  of  certain  twilight  and  nighttime  conditions  in  the  field.  Until  now  we 
have  completed  work  on  only  one  value  o*  background  luminance,  0  003  nit  (0.0008  ft-l).  This  is  the  luminance,  for  example,  of  the 
sea  surface  when  the  sun  is  about  ten  degrees  below  tbo  horizon,  or  the  land  surface  when  the  contribution  of  illumination  from  sky 
and  moon,  together  with  certain  reflectance  properties  of  the  terrain,  combine  to  produce  such  a  level.  Finally,  at  this  adaptation 
level,  the  eye  is  approximately  equally  sensitive  from  the  fovea  to  the  near  periphery. 

Our  stimuli  were  physiological  point  sources;  they  subtended  an  angle  of  one  arc  minute  at  the  viewing  distance  of  3  1 
meters  (122  in.).  Three  colors  were  used:  white,  red,  and  green.  Tire  trichromatic  coordinates  of  the  targets  are  indicated  in  Figure 
6.  They  are  representative  of  the  colors  used  by  the  international  signalling  community,  and  are  therefore  believed  to  be  among  the 
cases  most  likely  to  be  encountered  in  the  field. 


Figu»e  S  loo  si  ihe  thiee  po.nl  wee  siifruli  oo  ihc  CiE  c*irofraticiiy  dijgf*'” 
relative  lo  wh-is  light  it  2864'K  ililu'nmani  Ai 
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Using  five  young  observers  with  good  visual  acuity,  we  measured  the  detectability  ol  these  point  souices  as  a  function  of 
the  flash  length,  using  the  psychophysical  method  of  temporal  forced  choice.  The  observers  were  required  to  guess  which  one  of 
four  aurally  marked  time  intervals  contained  the  flash  on  each  trial.  This  method  has  a  number  of  advantages,  but  the  one  which  is 
paramount  for  practical  problems  is  that  the  obtained  probabilities  of  detection  (which  are  from  statistical  sampling  considerations, 
usually  taken  at  P  =  0  50)  may  be  easily  converted  to  any  other  desired  probabilities  by  a  simple  m8thema!'co!  operation.  In  order 
to  achieve  a  satisfactory  degree  of  precision  in  the  data  it  is  necessary,  however,  to  make  many  observations.  In  our  study  each 
single  point  on  an  individual  observer  s  curve  has  been  determined  by  500  separate  observations.  The  data  to  be  shown  are  based 
upon  approximately  72  500  trials,  and  were  recorded  only  after  about  9000  training  trials  had  been  completed.  In  all  cases  the  pulse 
shape  was  square,  although  the  study  will  eventually  embrace  those  shapes  which  are  characteristic  of  switched  lamps,  rotating 
beacons,  and  multiflick  discharge  tubes.  It  is  also  planned  to  study  additional  background  luminance  levels. 


EXPERIMENTAL  RESULTS 

Since  the  data  of  these  experiments  are  quite  extensive,  I  will  present  only  enough  examples  to  show  the  general  naturo  of 
our  results.  Complete  data  will  be  furnished  on  request  to  the  Visibility  Laboratory,  as  will  the  results  of  subsequent  studies. 

It  is  appropriate  to  discuss  the  white  light  results  first,  since  the  greatest  number  of  lights  which  are  likely  to  be  encoun¬ 
tered  are  polychromatic  in  nature  and  very  likely  to  exhibit  the  continuous  spectral  energy  distribution  which  is  characteristic  cf 
tungsten  lamps.  The  white  light  stimuli  we  used  were  adjusted  to  match  a  color  temperature  of  2854%  or  CIE  Standard  lllummant  A. 
There  is  no  a  prion  reason  to  believe  that  the  data  would  differ  in  any  significant  manner  had  we  chosen  a  higher  or  lower  color 
temperature.  In  all  cases  the  plotted  values  refer  to  the  0.50  level  of  detection  probability,  and  the  duration  functions  show  the  ob¬ 
tained  values  of  target  luminance  <nits,  or  candelas  per  square  meter)  for  the  range  of  flash  lengths  from  0  001  to  2.33  seconds. 
Target  luminance  refers  to  Ihe  added  flux  which  must  ,ie  superimposed  on  the  0.003  nit  constant  background,  and  is  therefore  desig¬ 
nated  iL  in  the  graphs.  The  straight  lines  of  minus  one  slope  represent  the  case  of  perfect  temporal  summation,  when  the  product 
of  intensify  and  time  is  constant  Figure  6  shows  the  white  light  data  for  iwo  observers.  Although  no  attempt  has  been  made  to  fit 
a  smooth  empirical  function  to  the  points,  it  can  be  seen  that  the  curve  snipes  3'e  probably  sirr  la'  to  Ihe  Clark  ar-4  “'-’ckweh  form 
and  cannot  be  fairly  represented  by  either  the  Blondel-Rey  or  the  quantum  functions  mentioned  earlier. 


F<gj*e  6.  Experimental  data  two  observers  in  the  white  light  experiment  The  straight  line  represents  Blochs  Law  reciprocity 


The  red  light  stimuli  yielded  data  which  are  typified  by  the  two  curves  shown  in  Fgure  7.  It  was  thought  that,  on  account  of 
the  extremely  high  spectral  purity  and  long  wavelength  of  this  stimulus,  it  might  be  found  that  the  shape  of  the  di/alion  function 
might  give  a  clearer  basis  for  support  of  either  Ihe  Blondel-Rey  or  the  quantum  formulations.  Obviously  there  again  appears  to  be  an 
inflection  in  the  function,  indicating  that  we  are  dealing  with  a  complex  curve. 

Finally,  Ihe  green  light  data,  shown  in  Figure  8,  also  suggest  that  the  duration  function  is  doubly  inflected.  In  rone  of  the 
data  so  far  collected  have  we  yet  approached  the  lower  limiting  asymptote  where  I  =  C .  although  future  work  with  longer  pulse 
lengths  will  probably  indicate  this  limit.  (Thu  units  on  the  ordinates  of  Ihe  red  and  green  curves  are  irrational;  they  are  merely  Ihe 
result  of  integrating  the  transmissions  of  the  filters  used  with  the  photopic  sensitivity  cirve  of  the  eye  and  the  spectral  energy 
distribution  of  Ihe  source.) 
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f'9«»e  7.  t*penrf<€nial  data  from  two  observers  using  red  light 
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fifliie  8  Experirr.ental  data  Irom  two  observers  using  green  light 


APPLICATIONS  OF  THE  OATA 

In  the  context  of  this  meeting  the  laboratory  results  which  have  been  shown  have  direct  application  to  the  problem  of  air-to- 
ground  detection  of  angularly  small  sources  whose  effective  viewing  limes  may  he  miite  short,  either  because  they  are  inherently  ol 
brief  duration  or  because  the  dynamics  of  ihe  flight  path  'otermittent  obscuration  of  the  lights,  or  other  factors  allow  only  brief 
glimpses  of  such  lights.  Perhaps  aqjally  important  is  he  finding  that  the  use  of  the  Blondel-Rey  equation  can  lead  to  errors  of 
estimate  -  the  man  on  the  ground  msy  be  less  secure  from  aerial  saveill ince  then  he  thought,  while  the  airborne  observer  enjoys  a 
concomitant  advantage.  In  a  friendly  situation,  it  is  possible  that  a  certain  arvvun,  of  power  conservation  could  be  achieved  if  that 
were  desirable  or  necessary,  as  it  fteqi  '■ntly  is  in  aeronautical  and  maritime  signalling  in  remote  areas. 

Before  these  new  data  can  be  incorporated  into  visibility  nomograms  or  other  utilitarian  lorms,  however,  it  is  necessary  to 
perform  at  least  two  operations.  The  first  of  these  is  the  conversion  from  Ihe  0.50  level  of  detection  probabilily  lo  some  field- 
realistic  level  such  as  0.90.  0.is5.  0.99,  or  whatever  may  be  judged  appropriate  for  the  situation.  This  is  possible  owing  lo  the  fact 
that  the  seeing  frequency  data  collected  by  the  method  of  temporal  forced  choice  exhibit  a  remarkable  cons’ ancy  in  Ihe  relation  be¬ 
tween  the  value  of  threshold  M  at  P  -  0  50  and  the  a  of  tho  normal  probability  integral  which  is  fitted  to  the  obtained  data  points 
for  each  observing  session.  The  ratio  o/M  (where  M  is  the  obtained  threshold)  we  have  called  V,  the  coefficient  of  variation.  The 
method  for  converting  probabilities  has  been  outlined  by  Blackwell  and  M.cCready  (6),  and  we  may  use  their  method  for  this  purpose. 
Our  average  value  for  <7/ M  was  found  to  oe  0.510  for  red,  0.519  for  white,  0  527  for  green,  and  0.519  for  all  three  colors,  based  on 
more  than  300  individual  frequency-of-seeing  ogives.  In  the  general  case.  then,  the  desired  probabilities  are  obtained  by  use  of  the 
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following  factors,  Z.  whi<h  arc  to  be  used  as  direct  multipliers  on  the  thresholds  shown  for  the  P  r  0  50  laboratory  case: 

P  Z 


90 

1.67 

95 

1  86 

.99 

2  21 

Values  of  Z  for  any  desired  probability  can  easily  be  computed.  In  very  general  terms,  it  can  be  seen  that  doubling  the  obtained 
laboratory  values  which  have  been  shown  will  result  in  a  detection  probability  between  95  and  99  percent 


The  atmosphere  which  intervenes  between  the  airborne  observer  and  tho  ground-based  light  will  always  act  to  attenuate  the 
strength  of  the  signal  reaching  his  eye.  In  the  case  of  point  sources,  therefore,  we  must  account  not  only  for  the  loss  due  to  dis¬ 
tance.  but  also  for  the  transmissivity  uf  the  atmosphere.  In  the  case  under  consideration  here,  where  the  background  lumirance  is 
very  small  relative  to  the  target  luminances,  it  is  possible  to  apply  Allard's  law  directly.  Allard's  law.  which  was  enunciated 
almost  a  century  ago  (7>.  gives  the  relationship  between  the  sighting  range  ol  a  luminous  signal  and  the  effects  of  distance  and 
transmissivity  =  ITv/V2,  where  Em  is  the  threshold  illumination  at  the  eye,  I  the  intensity  of  the  soutce.  Tv  the  trans¬ 
missivity  over  the  path  of  sight  V.  Some  approximate  transmissivities  are  shown  in  Table  I  The  consequences  of  Allard's  law  are 
shown  graphically  in  Figure  9.  Further  attenuation  of  the  opticat  signal  will  occur  owing  to  the  presence  of  an  aircraft  windscreen, 
protective  glasses,  c>  any  intervening  optical  aids.  Unlike  the  atmospheric  losses,  which  may  change  dramatically  as  the  path  of 
sight  changes  in  angle  and  weather  conditions  vary,  these  tend  to  bo  invariant  and  may  be  measured  or  predicted  with  fair 
confidence. 


Visibility  Description 

Tran  vnissivity 
<T  per  mile) 

Meteorological 
Optical  Range 
(miles) 

Exceptionally  clear 

>  0.90 

30  ^ 

Very  clear 

90 

30 

Clear 

.74 

10 

Light  haze 

55 

5 

Hare 

22 

2 

Thin  fog 

.05 

1 

light  log 

.0025 

1  '2 

Moderate  fog 

TO"5  1 

1/4 

Thick  fog 

10' 10  4 

V8 

Dense  fog 

to-  20  ■ 

1  16 

Very  dense  fog 

10"‘» 

100  ft. 

Exceptionally  dense  fog 

10" 

30  ft. 

Table  I.  T'ansmssivilics  and  irf leo'ologi c3*  op»«C3l  ranges 
for  various  visibility  dest'ipnons 


figure  9  Allard  s  law  lor  several  values  ol  transmissivity. 


One  of  the  best  ways  in  which  the  data  may  be  used  m  predicting  the  visibility  of  lights  is  by  constructing  nomograms  such 
as  those  prepared  during  World  War  II,  and  described  by  Middleton  (81.  These  charts  allow  rapid  estimation  ot  sighting  range  for  a 
wide  gamut  of  souice  intensities,  background  luminances  and  atmospheric  transmissivities,  but  apply  only  to  steady  burning  lights 
seen  without  limits  being  put  on  observing  time.  Al  the  Visibility  laboratory  we  are  hoping  to  prepare  new  nomograms  which  will 
enable  the  prediction  of  sighting  range  for  the  case  of  brief  flashes  and  restricted  viewing  limes. 


REFERENCES 

1.  Blondel,  A.  and  Rey,  J.  Sur  la  perception  des  lumieres  breves  a  la  limile  de  leur  portee.  J.  de  Physique,  1,  5th  Series,  (19111, 
530,  643. 

2  Blondel.  A.  and  Rey,  J.  The  perception  of  lights  of  short  duration  at  their  range  limits.  Trans.  I.E.S.  London,  7.  No.  8,  (1912), 625, 

3  Kishto,  B  N  The  photometric  evaluaiion  ot  flashing  light  sources  in  relation  to  their  conspicuity  University  ol  London,  PhD 
thesis.  (1966)  Pp  316. 

4  Bouman.  M.A.  ans  van  dor  Velden,  FI  A  The  quanta  explanation  of  vision  and  ihe  brightness  impression  for  various  times  of  ob¬ 
servation  and  visual  angles.  J.  Opt  Soc.  Am..  38,  (1948),  231-236 

5  Clark.  W  C  and  Blackwell  FI.  R.  Relrtions  between  visibility  thresholds  lor  single  and  double  pulses  University  of  Michigan 
Report  No.  2144-343-T.  (19591  Pp,  31. 

6  Blackwell.  H.  R  and  VcCready.  D.  W.  Foveel  contrast  thresholds  for  various  durations  of  single  pulses.  University  of  Michigan 
Report  No  2455-13-F,  (1958)  Pp.  31 

<JS 


B8-8 

7  Allard,  t.  Mfmoire  sur  I'intensitf  et  la  portfc  des  phures  Paris,  Dunod,  (1876)  p,  70, 

8  Middleton,  W.E.K.  Vision  through  the  Atmosphere.  Toronto,  Univ.  Toronto  Press,  (I9S2),  p  139. 


acknowledgement 

The  esperiments  (.potted  here  were  conducted  under  Contract  DOT-CG- 1 27S7-A  between  the  United  Slates  Coast  Guard  and 
the  University  of  California.  This  support  is  gratefully  acknowledged. 

Photometric  errors  mean  that  figures  on  the  ordinates  of  Figures  6,  7  and  8  must  be  multiplied  by  0  327. 


DISCUSSION 


Mr  Ericson  (US) 

Would  you  comnent  on  any  individual  differences  you  noted?  Also,  would  you  discuss  the  differences 
between  using  a  cumulative  probability-of-seeing  curve  versus  starring  with  the  50  per  cent  threshold  and 
multiplying  it  by  appropriate  factors? 

Dr  Taylor  (US) 

The  individual  differences  are  not  easy  to  describe  at  this  moment,  that  is,  our  data  ore  not  suffi¬ 
cient  end  not  complete.  By  adjusting  for  absolute  threshold  in  the  range  you  knew,  that  is  Bloch's  Law 
area,  you  can  slide  the  data  together  or.  the  ordinate  so  that  the/  seem  to  fit.  But  even  now,  we  are  down 
from  6  to  5  test  subjects,  and  complete  data  for  6  would  hardly  be  adequate. 

As  regards  using  probability  integrals  rather  than  operating  directly  on  the  observed  frequencies- 
of-seeing,  you  have  a  good  point.  Too  could,  for  example,  have  a  range  of  5  stimuli  so  that  one  was  so 
dim  it  was  never  seen  and  at  the  other  extreme  one  so  bright  it  was  always  seen,  and  draw  a  best  fitting 
curve  on  the  data  in  between.  Uu  tried  all  sorts  of  curves;  special  N  PoissonB,  logarithmic  cumulative 
Gauss,  linear  normal  integrals,  etc.  and,  overwhelmingly,  standard  normal  Gaussian  integrals  are  the 
beat  fit.  That  could  cheer  the  physiologists  a  little! 

Conventionally,  one  works  at  the  point  of  inflexion  of  the  curve,  where  the  best  estimate  is.  If 
I  went  up  to  the  95%  point  a  little  error  on  one  axis  would  lead  to  a  huge  uncertainty  on  the  other.  If 
you  believe  in  cauae  and  effect,  this  is  all  then  simply  mathematical,  you  do  not  have  to  go  to  indivi¬ 
dual  cutves,  and  the  best  fit  is  an  iterative  process,  derived  from  probit  analysis.  That  is  the  reason 
for  operating  on  Z-curves  rather  than  on  individual  curves. 
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SUMMARY 

Despite  the  advent  of  many  exotic  sensors  for  detecting  targeto  at  night,  a  significant  portion  of 
airborne  tactical ^activity  is  carried  out  via  direct  vision,  usually  Involving  some  type  of  artificial 
illumination,  with  air-dropped  parachute  flares.  The  use  of  flares  constitutes  one  of  the  moot  difficult 
visual  requirements  for  aircraft  crew  members  attempting  to  detect  targets  at  night.  Efforts  by  the 
Aerospace  Medical  Research  Laboratory,  Wright-Patteraon  Air  Force  Base,  Ohio,  have  involved  simulating 
various  illumination  sources,  and  requiring  subjects  to  detect  scaled-down  targets  under  different  terrain 
and  illumination  conditions. 

This  paper  is  concerned  with  the  results  from  three  recent  experiments.  Experiment  I  dealt  with  the 
effect  of  shielding  a  25 ,000 ,000-lumen  flare  source  and  determining  the  optimal  number  of  flares  to  be 
used  for  a  given  target  area.  No  statistically  significant  effect  was  found  due  to  flare  shielding.  For 
Che  given  target  area  simulated,  it  appeared  that  there  was  no  additional  benefit  derived  from  igniting 
more  than  two  flares  over  a  simulated  area  of  about  1.5  kilometers  by  5  kilometers.  Experiment  II  dealt 
with  shielding  of  a  60,000,000-lumen  source,  and  again,  no  statistically  significant  effect  was  fo.*nd  due 
to  the  flare  shielding.  Experiment  III  dealt  with  the  "visual  acuity"  under  simulated  flare  light.  In 
this  experiment,  each  of  eight  groups  of  five  subjects  performed  at  a  different  simulated  observer  altitude 
ranging  in  152-meter  increments  from  152  to  1,219  meters.  For  the  slant  ranges  simulated  (1,029  to  1,587 
meters),  610  meters  was  the  be9t  altitude  for  visual  performance.  Like  the  other  findings,  this  coulci 
have  significant  Impact  on  tactical  planning  for  night  missions.  The  parameters  of  this  study  have  now 
been  "blovn-up"  tc  real-world  sire  and  the  Aerospace  Medical  Research  Laboratory,  in  conjunction  with  the 
Air  Force  Armament  Laboratory,  is  conducting  flight  tests  to  validate  the  altitude  date  of  the  experimental 
simulations . 


INTRODUCTION 

One  of  the  moat  difficult  visual  requirements  for  aircraft  crew  members  involves  detecting  targets  at 
night.  Despite  the  advent  of  numerous  exotic  sensing  devices,  the  majority  of  night-time  aerial  activity 
is  carried  on  under  air-dropped,  parachute  illumination  flares.  Specific  problems  encountered  by  crew 
members  utilizing  flare  illumination  include:  restricted  fields  of  view,  visual  discrimination  at  Low 
levels  of  illumination,  difficulty  in  tracking,  terrain  avoidance,  visual  whiteout,  flare  flicker  and 
oscillation,  contrast  reversal,  loss  of  depth  perception,  and  vertigo.  It  has  also  been  reported  that 
during  low  level  flight  at  night,  the  large  and  frequent  changes  in  adaption  Impair  visual  performance. 

There  is  very  little  literature  relevant  to  04s  general  problem  of  vision  under  flare  light. 
Laboratory  investigations'3  into  aspects  of  visual  air  reconnaissance  have  been  conducted  and  mathematical 
relationships  for  predicting  performance  in  actual  operations  have  been  suggested.  However,  it  has  been 
pointed  out  that  applications  of  these  predictive  methods  to  practical  detection  problems  can  lead  to 
"great  complexities".^  An  example  of  these  "complexities"  is  given  by  blunt  and  Schmelilne .  Based  upon 
hypothetical  diffuse  target-reflectance,  inherent  contrast,  target  area,  range,  and  atmospl  eric  effects, 
it  was  calculated  that  a  flare  of  1,445,000,000  lumens  would  be  required  tc  produce  enough  illuminance  to 
be  able  to  detect  an  armored  tank  located  on  dry  sand  at  a  range  of  2,743  meters.  (The  most  commonly  used 
flare  in  the  present  inventory,  the  Naval  Mark  24,  produces  25,000,000  lumens).  Blunt  and  Schmelling 
further  point  out  these  requirements  may  be  increased  by  as  much  as  five  times  when  combat  factors  are 
considered  (i.e.,  psychological  stress,  etc). 

Therefore,  it  is  not  surprising  that  visual  problems  are  encountered  during  night,  air-to-ground  tasks 
and  that  this  is  a  difficult  problem  for  research.  Using  laboratory-established  relationships  in  their 
present  form  does  not  always  end  in  reasonable  recommendations  for  rhe  field  and  attempts  have  been  made 
at  both  laboratory  simulations6  and  field  studies.7  Hamilton^  attempted  to  determine  night  visibility 
distances  for  military  targets  using  a  scale-model  simulator.  Viewing  paths  were  ground-to-ground  rather 
than  air-to-ground.  It  was  found  that  visibility  was  poorest  when  targets  were  placed  against  foliated 
backgrounds  and  when  the  durations  of  illumination  were  short.  In  Weaaner *s7  f ield  study,  ground  targets 
were  placed  in  a  2.6  square-meter  area  and  six  aerial  observers  flew  at  altitudes  ranging  from  762  to 
1,676  meters  with  ranges  from  ground  zero  of  1,000  to  6,000  meters.  Thirty-three  flares,  varying  in 
intensity  and  burn-time  were  dropped  singly.  Fifteen  percent  of  the  stationary  targets  and  five  per  cent 
of  the  moving  targets  were  detected  while  only  one  percent  of  both  types  of  targets  were  identified. 

Initial  simulations  by  the  Aerospace  Medical  Research  Laboratory  used  three  different  groups  of 
subjects  performing  target  acquisition  (detection  and  recognition)  tasks  under  simulated  Mark  24  flare 
light,  simulated  Briteye  flare  light  (a  recently  developed  flare  which  produces  60,000,000  lumens),  and 
simulated  sunlight. Generally,  target  acquisition  took  significantly  longer  under  four  simulated 


*  The  research  reported  in  this  paper  was  conducted  by  personnel  of  the  Aerospace  Medical  Research 
Laboratory,  Aerospace  Medical  Division,  Air  Force  Systems  Connand,  Wright-Patterson  Air  Force  Rase, 
Ohio.  This  paper  has  been  identified  by  the  Aerospace  Medical  Research  Laboratory  as  AMRL-TR-71-114 . 
Further  reproduction  is  authorized  to  satisfy  the  reeds  of  the  U.  S .  Government. 
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Mark  26  flares  dropped  a  simulated  distance  of  0.4  kilometer  apart  and  ignited  at  a  simulated  altitude  of 
610  meters.  This  compared  with  significantly  shorter  times  under  the  simulated  Brlteyes  deployed  similarly 
and  Btill  shorter  times  under  simulated  sunlight  (simulating  those  light  conditions  characteristic  of  a 
"partly  cloudy"  day).  However,  with  the  simulated  Briteyea,  there  appeared  to  be  a  much  more  pronounced 
di.ect  glare  problem  which  was  apparently  associated  with  the  more  intense  flare  source.  In  an  effort  to 
alleviate  this 
sources .  11( 


potential  problem,  efforts  have  been  made  to  develop  shielding  techniques  for  flare 


The  early  simulations  involved  Attempts  at  scaled-dovm  reproductions  of  real-world  characteristics 
without  regard  to  the  scientific  investigation  of  the  visual  system  in  terms  of  such  concepts  as  visual 
acuity.  Whether  visual  acuity  is  generally  defined  as  the  capacity  of  the  eye  to  reaolve  detail,  or 
specifically  defined  as  the  ability  to  discriminate  black  and  white  detail  at  various  distances,  there  are 
many  problems  associated  with  taking  purely  clinical  or  laboratory  visual  acuity  measurements  and  applying 
them  to  the  field.  For  example,  direct  application  of  the  normally  accepted  methods  of  measuring  visual 
acuity  to  the  field  is  difficult  in  a  visual  search  task  from  an  aiicraft  because:  the  eye,  the  platform, 
and  the  target  are  not  static;  the  scene  involves  color;  and  the  illumination  level  can  be  measured  only 
generally.  On  the  other  hand,  in  varying  the  factors  included  (i.e  ,  illumination,  etc.),  the  researcher 
can  be  accused  of  not  really  measuring  "visual  acuity"  at  all,  or  of  using  a  concept  that  was  not  intended 
to  serve  as  a  criterion  bridge  between  laboratory  an a  field,  but  rather  as  a  precise  clinical  tool  for 
determining  the  visual  capacities  of  individual  subjects  and  patients. 

Yet  the  gap  between  laboratory  simulation  and  in-flight  validation  must  be  bridged.  Utilizing  high 
fidelity  terrain  models  can  be  successful.  However,  there  is  great  difficulty  in  duplicating  and 
controlling  features  6itnilar  to  the  terrain  model  in  the  real-world  validation.  The  apparent  alternative 
is  to  take  accepted  acuity  measures  and  "modify"  them  for  laboratory  simulation  and  eventually  "blow  them 
up"  for  in-flight  validation, 

1 1 

This  paper  is  concerned  with  the  results  from  three  recent  simulation  experiments.  Experiment  I  J  was 
an  attempt  co  determine  the  behavioral  effect  due  to  flare  shielding  utilizing  a  1:1,000  scale  terrain  model 
and  simulated  shielded  and  unshielded  flare  sources.  In  addition,  there  va9  a  concern  with  optimal  number  of 
flares  to  be  used  for  a  given  target  area  for  both  shielded  and  unshielded  Mark  24  flares.  Twelve  groups  of 
subjects  were  used.  Each  group  searched  the  terrain  model  under  from  one  to  six  simulated  flares  in  either 
the  shielded  or  unshielded  configuration.  While  the  illuminance  from  a  shielded  flare  is  greater  at  the 
center  of  an  liluoination  pattern,  the  illuminance  from  an  unshielded  flare  is  greater  at  40  degrees  from 
the  center  and  bfyond.  Therefore,  strictly  from  a  visual  performance  point  of  view,  it  was  necessary  to 
determine  what  prfecc  these  different  patterns  of  illumination  could  have  on  target  acquisition. 

T:*7®r<-cnt  II  was  also  concerned  with  flare  shielding.  However,  in  this  experiment  simulated 
60, 000, 000- lumen  flares  were  used.  This  seemed  to  be  a  reasonable  foJ low-on  effort  since  an  earlier  study9 
had  indicated  chat  the  direct-glare  problem  may  only  be  associated  with  the  more  intense  flare  and,  also, 
a  60, 000, 000- lumen  flare  which  burns  for  5  minutes  is  nev  being  introduced  for  limited  une.  In  thin 
experiment,  two  groups  of  15  subjects  each  searched  the  terrain  model  under  two  simulated  flares  in  either 
the  shielded  or  unshielded  configuration. 

Experiment  III1**  was  concerned  with  the  optimal  observer  altitude  for  performing  visually  under  Mark 
24  flare  light.  (An  earlier  study  established  610  merers  as  the  optimal  altitude  for  flare  ignition.)1* 
Another  concern  Involves  the  type  of  measurement  of  visual  performance.  Required  is  a  measure  which  is 
usable  in  the  laboratory,  yet  expa  .dable  to  real-world  validation.  Each  of  eight  groups  of  five  subjects 
performed  at  a  different  simulated  observer  altitude  under  simulated  flare  light.  The  simulated  altitudes 
ranged  in  152-meter  increments  from  152  to  1,219  meters,  landolt  rings  and  acuity  gratings  were  used  as 
targets.  In  addition,  four  aifferent  brightness  contrasts  were  used. 

METHOD 


Subjects 


The  subjects  were  male  college  students  with  normal  color  vision  and  20/20 
vision  was  tested  by  the  Dvorine  Psuedo-Isochromatic  Plates.  Visual  acuity  was 
Master  Ortho-Rater.  Sixty,  thirty,  and  forty  subjects  were  used  in  Experiments 


acuity  or  better.  Color 
tested  by  a  Rausch  and  Lot&b 
I,  II  and  III,  respectively. 


Apparatus 

The  main  feature  of  the  apparatus  was  the  simulation  of  the  flare  source.  The  Naval  Mark  24  is  a 
commonly-used  parachute  flare  and  it  produces  25,000,000  lumens  for  three  minutes.  Simulation  of  this 
flare  la  accomplished  by  use  of  a  standard  No.  47  pilot  lamp.  Operating  this  lamp  at  appropriate  voltage 
reasonably  Simula ten  a  Mark  24  on  a  scale  of  1:1,000.  Operating  a  standard  No.  45  pilot  lamp  at  appropriate 
voltage  reasonably  simulates  the  60,000,000-lumen  flare.  For  experiments  1  and  II  the  simulated  shields 
consisted  of  modified  flashlight  reflectors  coated  with  opaque  white  paint. 


The  fJare  simulator  (Figure  1)  is  composed  of  six  mechanically-driven  and  electronically-controlled 
No.  47  pilot  lamps  mounted  on  a  framework  suspended  from  the  ceiling  of  a  laboratory  dark  room.  Each 
simulated  flare  can  be  manually  positioned  within  the  length  and  width  of  the  framework.  The  descent  of 
each  flare  is  controlled  by  a  28  Volt  DC  motor.  The  voltage  to  each  motor  Is  a  ramp  function  to  simulate 
the  constantly  decreasing  velocity  in  the  descent  of  a  parachute  flare  due  to  its  mass  loss  and  heat 
generation  while  burning.  All  six  of  the  flares  were  used  in  Experiment  I,  two  were  used  in  Experiment  II, 
and  one  in  Experiment  III. 

The  terrain  model  (Figure  2),  used  as  the  background  over  which  the  subjects  searched  for  targets  in 
Experiments  1  and  II,  is  on  a  scale  of  1:1,000  and  presents  a  realistic  portrayal  of  actual  terrain.  It 
treasures  1.5  meters  by  5-5  meters,  which  repreeents  a  terrain  of  about  5.5  kilometers  long  by  1.5  kilometers 
wide.  The  model  simulates  the  color  and  reflectance  properties  of  the  real  world  within  the  visible  portion 
of  the  electromagnetic  spectrum  and  contained  among  others,  the  following  features  which  were  U6ed  as 
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FIGURE  I  -  FLARE  SIMULATOR  IN  OPERATION 


targets  for  F-xperioent  I:  road,  river,  village,  paddy  area,  bridge,  parked  truck,  moving  truck,  moored 
sampan,  and  anti-aircraft  site.  Three  parked  trucks,  three  villages,  and  the  moving  sampan  were  used  as 
targets  In  Experiment  II. 

In  order  to"flyM  the  subject  by  the  terrain  model  in  Experiments  T  and  II,  he  was  placed  in  an 
optometrist’s  chair  and  required  to  keep  the  back  of  hio  head  against  the  head  pads.  Through  the  use  of 
the  chair's  elevation  feature,  the  eyes  of  each  subject  were  maintained  at  61  centimeters  above  the  terrain 
model  to  cori*espond  to  a  simulated  altitude  of  about  656  meterB.  The  chair  was  placed  on  a  motorized 
trolley  which  propelled  the  subject  along  the  model  at  a  simulated  speed  of  about  215  kilometers  per  hour. 
The  non-doslnant  eye  of  each  subject  was  covered  by  an  eye  patch  since,  at  the  actual  ranges  which  were 
simulated,  there  would  be  no  stereoscopic,  distance/depth  cues. 

In  Expsriment  III,  the  targets  used  were  Landolt  rings  and  acuity  gratings . ^ The  Landolt  ring 
measures  minimum  separable  acuity  or  gap  resolution  and  Involves  the  tasks  of  resolution  and  recognition. 
During  testing,  the  ring  was  rotated  so  that  the  gap  was  In  one  of  four  positions:  up,  down,  right,  or  left 
The  acuity  grating  also  measures  minimum  separable  acuity  and  involves  the  task  of  resolution.  It  consists 
of  three  parallel  bars  with  the  distance  between  the  bars  equal  to  the  thickness  of  a  bar.  The  length  of 
the  bars  is  equal  to  the  width  of  the  entire  configuration.  During  testing,  the  acuity  grating  was  located 
in  either  a  "horizontal"  or  "vertical”  position. 

Both  the  gap  in  the  Landolt  ring  and  the  gap  between  the  parallel  bars  of  the  acuity  grating  were 
equal  to  .19  centimeter.  Although  the  use  of  larger  targets  was  attempted,  it  wa9  found  that  this  size 
(.19  centimeter)  provided  the  necessary  discriminations  among  conditions  for  the  viewing  distances  in  this 
study.  The  targets  were  silkscreened  with  a  co-polymer  viscous  solution  onto  four  gray-scale  shades  of 
Kimber ly-Stevens  Kacel  paper.  Type  100  (.9  gram/square  meter).  This  paper  is  a  laminated  material  having 
an  inner  net  or  scrim  of  non-woven  threads  with  surfacing  material  bonded  to  both  sides.  The  backgrounds 
were  mounted  on  one  square  foot  artboard  for  ease  of  handling.  Table  1  shows  the  brightness  of  the  fvur 
backgrounds  and  the  resulting  brightness  contrasts.  These  raeasur aments  were  obtained  with  a  Spectra- 
Brightness  Spotmeter  Model  "SB"  under  indoor  ambient  light  conditions.  The  brightness  contrast  percentages 
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TABLE  1 
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LUMINANCE  IN  CANDELA/SQUARE  METER  (cd/m2)  AND  CONTRAST 
PERCENTAGES  FOR  BACKGROUNDS  AND  TARGETS  FOR  EXPERIMENT  III 

BACKGROUND  BRIGHTNESS  (cd/m2)  TARGET  BRIGHTNESS  (cd/m2)  BRIGHTNESS  CONTRAST  PERCENTAGE 


115 

30 

74 

1.7 

24 

64 

30 

24 

20 

9 

26 

-200 

Each  subject  was  placed  In  the  motorized  optometrlst'e  chair  and  waa  required  to  keep  the  back  of  hla 
head  against  the  rv>ad  pads.  Through  the  use  of  the  chair's  elevation  feature,  the  eyes  of  each  subject 
were  maintained  at  15. II,  30.30,  4 5.75,  61.00,  76.25,  91.50,  107.75,  or  122.00  centimeters  above  the 
target  surface  r.o  r.or.eapond  to  the  simulated  altitudes  of  about  152  through  1,219  meters.  Table  2  shows 
thn  visual  angles,  actual  and  simulated  altitudes  and  slant  ranges  for  the  eight  conditions.  The  visual 
angles  ware  computed  using  the  following  formula:1® 

Visual  Angle  ■  2  arc  tan 

Where:  L  •  Size  of  the  terget  gap  or  separation. 

A'd  L>  •  Distance  from  the  observer 'a  aye  to  the  target. 

Again,  tin  non-dominant  jy«-  nf  each  aubjact  waa  covered  with  an  aye  patch  alnca,  at  the  actual  altitudes 
which  were  elmulntcd  there  would  be  ns  stereoscopic  dlatanca/dapth  cues.  Tha  study  waa  also  conducted  In 
a  laboratory  darkroom. 

The  vlauel  a  glee  expressed  In  Teble  2  assume  that  tha  targata  wars  perpendicular  to  tha  observer's 
eye.  However,  the  tergete  were  ectually  perpendicular  to  the  flare  source.  The  Incident  angle  for  tha 
observers'  eyes  varied  from  "<90H'  for  simulated  1,219  meter  altitude  to  81°6'  for  the  simulated  152-meter 
altitude. 

TABLE  2 


VISUAL  ANCLES  AND  SIMULATED  AND  ACTUAL  DISTANCES 
BY  EXPERIMENTAL  CONDITIONS  FOR  EXPERIMENT  III 


CONDITION 

VISUAL  SIMULATED 
ANGLE  ALTITUDE 
(Min  6  Sec)  (Meters) 

ACTUAL 

ALTITUDE 

(Centimeters) 

SIMULATED 

SLANT  RANGES 
(Meters^ 

ACTUAL 

SLANT  RANGES 
(Centimeter,;' 

1 

6' 25" 

152 

15.25 

1,027 

103 

2 

6'12" 

305 

30.50 

1,061 

106 

3 

5'52" 

457 

45.75 

1,314 

112 

4 

5 ’31" 

610 

61,00 

1,185 

118 

> 

5*10" 

762 

76,25 

1,270 

127 

6 

4' 50" 

914 

91.40 

1,367 

137 

/ 

4 ’30" 

1,067 

106.75 

1,473 

147 

9 

4'8" 

1,219 

122.00 

1,587 

158 

Froccdure 

The  subjects  were 
the  conditions  for  tech 

SUbj  ZCT  NUMBER 

divided  Into  12  groups  of  5  subjects  eech  in  Experiment  I. 
group  of  subjects. 

TABLE  3 

SUBJECT  GROUP  CONDITIONS  FOR  EXPERIMENT  I 

IGNITION  HTCTANCP 

INTERVAL  DISTANCE 

Table  3  summarize* 

BETWEEN  FLARES 

GROUP 

OF  FLARFS 

(SECONDS) 

HOPE 

ACTUAL  (CENTIMETER) 

SIMULATED  (METERS) 

1 

1 

N/A 

Shielded 

N/A 

N/A 

2 

1 

N/A 

Unshielded 

N/A 

N/A 

3 

2 

20 

Shielded 

183 

1,829 

4 

2 

20 

Unshielded 

183 

1,829 

5 

3 

15 

Shielded 

137 

1,372 

6 

3 

15 

Unshielded 

137 

1,372 

7 

4 

12.5 

Shielded 

109 

1,097 

8 

4 

12.5 

Unshielded 

109 

1,097 

9 

5 

10 

Shielded 

91 

4 

10 

5 

10 

Unshielded 

91 

914 

11 

6 

5 

Shielded 

79 

792 

12 

6 

5 

Unshielded 

79 

792 

After  Initial  screening  end  preliminary  explanations,  each  subject  was  trained  to  identity  the  fen 
targets  listed  earlier.  This  was  accomplished  by  repeatedly  pointing  the  targets  out  on  a  smaller  terrain 
model  located  In  the  subjects'  preparatory  room. 

> 


Fur  consistency,  during  the  experimental  runs,  the  moving  truck  and  sampan  were  always  started  from 
their  respective*  starting  points.  The  simulated  flares  were  ignited  at  the  different  intervals,  indicated 
In  Table  3,  to  simulate  a  flare  aircraft  flying  a  track  pari  llel  to  the  simulated  flight  of  the  subject. 

Due  to  the  high  learning  rate  associated  with  the  targets  on  the  terrain  model,  eich  subject  was  usnd  for 
only  one  experimental  run. 

Three  types  of  data  were  recorded  for  each  subject:  total  number  of  valid  targets  found;  errors  (i.e., 

identifying  a  truck  when  none  was  in  the  area);  and  time  elapsed  from  Ignition  of  the  first  flare  to  a 

subject's  verbal  response  that  he  had  defected.  Identified  and  located  a  target,  Concerning  this  last 
variable,  for  any  of  the  ten  targets  not  detected  during  •  run,  the  subject  was  given  a  response  time  score 
of  180  seconds  since  this  was  the  shortest  elapsed  time  for  any  of  the  flaw  conditions. 

The  procedure  for  Experiment  II  was  similar  to  that  lor  Experiment  1,  except  two  groups  of  15  subjects 
each  were  established  to  correspond  to  the  shielded  and  unshielded  conditions.  In  addition,  only  two  flares, 
placed  183  centimeters  apart,  were  used.  Concerning  response  times,  for  any  of  the  seven  targets  not 
detected  during  a  run,  the  subject  was  given  a  response  time  score  of  300  seconJe  since  this  was  the 
elapsed  time  for  the  60,000,000-lumen  flaie. 

In  Experiment  111,  40  subjects  were  used.  The  subjects  were  divided  Into  eight  groups  with  five 
subjects  in  eech  group.  Each  group  was  exposed  to  one  observer  altitude  condition.  In  addition,  all 

groups  were  exposed  to  the  two  types  of  targets  (Landolr  rings  and  acuity  gratings)  and  the  four  brightness 

contrast  conditions  (Tabic  1). 

After  preliminary  explanations  and  a  trial  run,  each  subject  proceeded  with  the  task  of  determining 
the  position  of  the  gap  in  the  case  of  the  Landolt  i ing  or  determining  the  orientation  of  the  acuity 
grating.  The  order  of  presentation  for  the  target  and  brightness  contrast  cotnblnat lone  was  random. 

Between  sessions,  the  subject  wore  opaque  goggles  to  promote  dark  adaptation  and  also  to  prevent  seeing 
target  placements.  The  data  recorded  for  analysis  .onslsted  of  the  time  elapsed  from  ignition  of  the 
flare  to  a  subject’s  correct  verbal  response  concerning  the  Rap  of  the  Landolt  ring  or  orientation  of  the 
acuity  grating.  If  a  subject  was  unable  to  determine  the  orientation  of  a  target,  he  was  given  a  response- 
time  score  of  18U  seconds,  6lnce  that  was  the  duration  of  the  burn  time  of  the  single  simulated  flare. 


In  Experiment  I,  for  number  of  targets  and  errors,  the  experimental  design  was  a  2  x  6  factorial. 

The  first  factor  refers  to  shielded  versus  unshielded  modes  (two  levels^  and  the  second  factor  refers  to 
number  of  flares  (six  levels).  For  the  t  esponse-t  iir.e  scores,  the  design  was  a  2  x  6  x  10  factorial  with 
repeated  measures  on  the  last  factor  which  refers  to  targets  (ten  levels). 

In  Fxp<®  rl  m*»nr  IT,  tor  number  of  targets  and  errors,  the  statistical  design  was  a  t-teat  with  15 
subjects  in  each  of  the  two  group*;  (shielded  flares  and  unshielded  flares).  For  the  response  time  scores, 
the  design  was  a  2  x  7  factorial  with  repeated  measures  on  the  second  factor  which  refers  co  targets 
(seven  levels). 

In  Experiment  III,  the  experimental  design  was  an  8  x  2  x  4  factorial  with  repeated  measures  on  the 
last  two  factors.  The  first  factor  refers  to  observer  altitude  (eight  levels),  the  second  factor  refers 
to  type  of  target  (Landolt  ring  or  acuity  grating),  and  the  tnird  factor  refers  to  brightness  contrast 
(four  levels). 


Experiment  I 

The  descriptive  results  consisting  of  overall  means  for  Che  effects  due  to  shielding  Hark  24s  are 
summarized  in  Table  4. 


OVERALL  MEAN 3  FOR  SHIELDING  VERSUS  NON-SHIELDING  MARK  24s 


SHIELDED  FLARES 


UNSHIELDED  FLARES 


Targets  Found  o.93  7.13 

Error  .77  .80 

Response  Time  (Seconds)  97.62  97.65 

In  terms  of  overall  gland  means  for  the  entire  experiment,  the  average  subject  acquired  about  7 
(7.03)  targets,  cook  about  96  (97.64)  seconds  to  find  an  average  target,  and  conflicted  about  .8  (.83) 
error  during  an  average  run.  The  mean  response-time  score  is  very  close  to  the  overall  mean  (91.4 
seconds)  for  Mark  24  fiare  light  obtained  from  a-,  earlier  study®  involving  much  more  austere  methods. 

None  of  the  three  variables  revealed  any  statistically  significant  effects  due  ;*.o  the  flare  shielding 
versus  the  non-shielding.  Further,  for  the  data  consisting  of  number  of  targets  acquired,  there  were  no 
statistically  significant  effects  at  all.  For  the  response  time  data.  Table  5  reveals  a  statistically 
significant  main  effect  due  to  type  of  target  and  also  a  significant  Interaction  between  type  of  target 
and  number  of  flares  used.  Tl e6e  results  necessitated  the  search  for  the  simple  main  effects  of  number 
of  flares  for  each  type  of  taiget  and  this  analysis  is  summarized  in  Table  6,  which  reveals  that  only 
rhe  village,  the  moving  sampan,  and  the  parked  truck  contributed  statistically  significant  main  effects. 
For  this  reason,  these  three  types  were  the  only  targets  used  in  Experiment  II.  The  zero  mean  square  for 
the  anti-aircraft  site  is  attributed  to  the  fact  that  it  was  not  detected  by  any  of  the  subjects  in  any 
group.  The  Newman  Keuls  tests  for  differences  on  all  ordered  means  for  the  three  main  effects  generally 
showed  that  performance  with  Just  one  flare  is  significantly  poorer  than  with  two  or  more  flares,  but 
that  increasing  the  number  cf  flares  above  two  does  not  increase  visual  performance  for  the  type  of 
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target  layout*  used  In  the  experiment.  The  data  consisting  of  efora  also  revealed  a  ntatlatlcal  ly 
significant  effect  due  to  number  of  flares  used. 
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TABLE  5 

SUMMARY  i'.,  ANALYSIS  OF  VaKIANCE  FOR  RESPONSE 
i  ‘4E  SCORES  FOR  EXPERIMENT  I 


SOURCE 

SUMS  OF  SQUARES 

DEGREES  OF  FRF.El  DM 

MEAN  SQUARES 

F 

Between  Subjects 

101,118.900 

59 

A  (Shielding) 

0 

1 

B  (No.  of  Flarea) 

7,012.000 

5 

1,402.400 

AR 

10,643.400 

5 

2,1:8.180 

SubJ  v/groupa 

83,463.500 

48 

1,738.820 

Within  Subjects 

2,376.134.100 

540 

C  (Target) 

1,629,618.400 

Ci 

181,068.711 

150.37** 

AC 

10,850.400 

9 

1,205.600 

1.00 

BC 

154,050.500 

45 

3,423.344 

2.84** 

ABC 

61,412.700 

45 

1,364.727 

1.13 

C  X  SubJ  w/groups 

520,202.100 

432 

1,204.172 

**Jg^7oI 


TABLE  6 


SUMMARY  OF  ANALYSIS  01  SIMPLE  EFFECTS  OF  NUMBER 
OF  FLARES  FOR  DIFFERENT  TARGETS  FOR  EXPERIMENT  I 


SOURCE 

SUMS  OF  SQUARES 

DEGREES  OF  FREEDOM 

MEAN  SQUARES 

F 

B  for  Cj^  (River) 

2,427.600 

9 

269.733 

B  for  C2  (Road) 

1,541.483 

9 

171.276 

B  for  Cj  (Village) 

23,100.740 

9 

2,566.749 

2.13* 

B  for  C (Bridge) 

10,387.490 

9 

1,154.166 

B  for  C5  (Paddy) 

5,906.000 

9 

656.222 

B  for  C^  (Moving  Truck) 

8,941.400 

9 

993.489 

R  for  C7  (Moving  Sampan) 

69,719.490 

9 

7,7ao.6 10 

6.43** 

B  for  Cp  (Parked  Truck) 

25,393.090 

9 

2,821.454 

2.34* 

B  for  C9  (Moored  Sampan) 

13,645.150 

9 

1,516.128 

1.26 

B  for  C10  (Antl-Alrcrafc) 

0.0 

9 

0.0 

C  X  SubJ  w/groups 

520,202.100 

432 

1,204.172 

*  _fi<  .05  **  juO" 01 


Experiment  II 

Since  the  target  problems  presented  to  the  subjects  wire  considerably  more  difficult  and  It  va*  hoped, 
more  sensitive,  than  those  presented  In  Experiment  I,  cha  results  from  Experiment  II  are  not  comparable,  for 
example,  with  the  reaulcs  In  Table  4.  For  the  shielded  condition,  the  average  subject  acquired  4,13 
targets,  took  171.77  seconds  to  find  an  average  trrget  and  committed  1.27  errors.  For  the  unehlelded 
condition,  the  average  subject  acquired  4.07  targets,  took  181.15  seconds  to  find  an  average  target  and 
committed  1.93  errors.  Statistical  retests  for  the  targets  found  and  errors  and  the  analysis  of  variance 
for  the  reaponae  time  scores  revealed  no  statistically  significant  differences  due  to  the  shielding  versus 
unshielded  condition  for  the  60, 000,000- lumen  flare. 

Experiment  HI 

Table  7  shows  that  considerable  response  clme  variability  was  found  between  different  simulated 
altitudes.  Table  8  shows  the  susmary  of  the  analysis  of  variance  for  these  dsts. 

TABLE  7 

OVERALL  MEAN  RESPONSE  TIMES  BY  SIMULATED  ALTITUDE 
FOR  EXPERIMENT  III 


SIMULATED  ALTITUDE  (METERS) 

152 

305 

457 

610 

762 

914 

1,067 

1,219 


MEAN  RESPONSE  TIME  (SECONDS) 

69.49 

29.96 

31.74 
5.92 

11.41 

8.90 

30.24 

35.75 
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TABU  8 

SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  RESPONSE  TIMES  FOR  EXPERIMENT  III 


SOURCE  OF  VARIATION 

SOURCE  OF  SQUARES 

DECREES  OF  FREEDOM 

MEAN  liQUARF 

F  RdTIO 

Between  Sublects 

221.956.31 

39 

A  (Altitude) 

117,305.30 

7 

16,75’. 50 

5  12*** 

Subj  w/Croups 

104,651.01 

32 

3,270.  Jv 

Within  Sublects 

523.150.82 

280 

B  (Type  of  Target) 

4,125.63 

1 

4,11:5.63 

12  23*** 

AB 

6,910.64 

7 

9E’.23 

2.93** 

B  X  Sub]  v/Croupe 

10,793.63 

32 

3U7 . 30 

C  (Brightness  Contrast) 

143,125.33 

3 

*7,706.44 

2i  S3*** 

AC 

78,832.68 

31 

3.755.94 

2  24*** 

C  X  Subj  w/Groups 

160,528. I# 

96 

:,6.’2.i? 

BC 

5.2I-:.04 

3 

;,:«.7.3i 

1  89  . 

ABC 

25,539.90 

.31 

1,206.66 

1  31 

K  X  ac;,  u/’hroupe 

88,268,69 

96 

9Va.t’ 

**  jl  <T<55  a  <75T 


F»t»  the  *vw  if  tit  of  *«rLsa-«  for  r«|«w  ftwx.  Table  8,  tha  statistical  hypothesis  that  there  are 
-«.■  cfc<*l.f leant  differences  It  rtrfcnrc  tines  oym  rbe  eight  gcoupr  le  nnt  tenable  «:  the  ,U  level  of 
ccr-rlvaflce  The  Duncan's  N*"v  Jfci  iipln  Range  Tea*'*,  at  the  .1C  level  of  confidence  indicated  the  results 
cr.umxr'ta'l  In  Table  9,  *n  thi*  tibir  eo  aat*t rls*  Indicates  a  statistically  slgwtf Ic-iat  dlf i trence. 

T.WU  9 

stnciMY  .v  statistical  tests  cn  all  uidered  fairs  of  xum 

fjn  mtsiMm  :n 


SUf-'LATEO 

ALTtirjE 


■»  10 
!>U 
7i: 
Jfll 
1,067 
l.$J 
1,.!79 


(SKTOS)  610  9H  767 

MEANS  5.910  .CO _ 11.  *1 
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iv.96 


l.oe? 

'ioTJT 


*5’ 

1T')T 


“S* 


4- 


152 

44.49 


A 


* 


* 


# 

4 

* 


ft 


ft 

ft 


ft 


Also,  frots  the  analysts  of  variance  fat  response  tlwn,  Table  8,  tee  statistical  hjrpothesla  that 
thiite  nrr  no  significant  dlffererxe*  In  ••esp.wiae  tinea  dm  to  type  of  target  is  not  t suable  at  tha  .01 
level  of  confidence.  Rather,  the  data  tend  Si.  Indicate  that  the  acuity  gratings  vegvlred  significantly 
lo'grrr  t<»«»  than  the  Landolt  rings.  Tn  aadltion,  the  etatijt.'cal  hryotheels  that  there  are  no  significant 
dHi  crcnce*  In  response  tinea  due  to  brightness  contras!  level*  la  a’.*©  not  tenable  it  the  .  >1  level 
of  C's.if idcnce.  The  Duncan New  Multiple  Range  teat  at  iIm  Cl  level  cf  confidence  Indicate.',  that  brlghtnssa 
cent rant  a  of  64  and  71  percent  here  associated  with  shorter  rttpontr  tlace  than  the  contrast*  of  20  and 
-?GC  percent,  Itoweve-  ,  neither  ef  these  petrs  was  *  IgniY  leant  ly  different  Iron  one  another.  Finally, 
there  va*  a  atatlatlcally  axjnlflcant  interaction  between  altitude  aud  type  of  target  at  the  .05  level  of 
curf r.ictca  end  an  Interaction  between  eltJtnda  and  brightness  contras".*  at  the  .01  level. 


CISCYLSION 


That  there  were  no  statistically  tlgnif leant  dlffntenr.eu  due  to  elwuUtwrf  flare  *Meldl::g  ves  somewhat 
svrorlelng.  Hontrvtr ,  there  .»«»  severe <  other  factors  concerning  shielding  other  than  those  Involving  the 
dvytndent  variables  used  1:  this  caper InetR .  For  nucnyle,  rite  visual  performance  lo  this  af.dy  was  rastrlcted 
Kv  that  aaa.^tated  with  atea  search  for  targets  of  opportunity .  Alvo,  though  the  shield  nay  not  enhance 
vitaii  perfo.  trance  for  tbit  type  of  tactical  task,  it  will  prerent  fllurinetlon  of  the  alrc-Hft  from  the 
flare,  an  Iwportan*.  conaldetation.  An  earlier  study9  Indicated  that  the  full  benefit  of  flare  shielding 
•»*  not  be  rea'.irei  until  ;h<  cendleycwer  of  the  flare  reachue  60,000,000  tunens.  Therefore,  the  reaulta 
Crew  E*pet leant  ill  which  also  reveal  ad  that  that*  wns  ro  statistically  significant  naln  affect  due  to  flare 
ahielding  *.  "instituted  e  further  surprise. 

The  results  concerting  number  of  flares  are  1*  slot*  agreement  with  our  earlier  study1'  which  disclosed 
r,J  significant  dlffsrenrea  tc  perfonunsre  when  simulated  .4,  ,8,  1.2,  and  t.6  kllotseter  aaperatlbns  between 
linren  were  usai.  DJ scout*,- lig  flare  failure  rates  sod  other  tactical  naneuvers,  there  is  no  rationale  for 
uptf.*  ng  a*.o  than  two  flares  ever  a  target  area  represented  by  the  eca’ed-»lc'  and  target  frtturee  of  the 
lerrali  rode l  utilised  in  thr  tape rimes*. 

The  differences  aurl^tsl  to  l»f*  of  target  were  anticipated.  In  Rawer iatnt  I,  most  evljecte  detected 
*r.d  identified  the  road  and  riser  wlthlT  a  few  seconds  vhtir  tha  anti-aircraft  site  vss  nevet  tetected. 

-Ivwver .  'or  ihls  taper  lmm,  the  important  targets  were  those  which  provided  variability  lot  tha  different 
wnerlarntul  factors.  The  Tillage.  >bv  perked  truth  eed  cl,*  vovlnp  a  an  pan  were  the  tetgete  •••ocleted  with 
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this  variability.  For  this  renon,  emphasis  w*«  given  to  these  types  of  targets  In  Experiment  II.  That 
no  subject  detected  the  anti-aircraft  site  was  not  a  total  surprise,  since  Southeast  Asia  returnees 
reported  that  these  sites  aro  seldom  detected  unless  they  are  firing. 

It  is  apparent  from  Tables  7  and  8  that  for  the  slant  range  angles  of  this  study,  observer  altitudes 
in  the  range  o.'  610  to  916  meters  are  superior  to  other  altitudes.  Specifically,  while  610  meters  did  not 
result  In  significantly  different  performances  from  762  and  916  meters,  the  610  meter  altitude  was  the  only 
one  significantly  better  chan  all  of  the  other  altitude  cond?tions.  This  problem  now  awaits  field  valida¬ 
tion  via  an  ln-flight  study.  It  Is  evident  from  the  results  from  Experiment  III  that  these  acuity  targets 
(1,000  times  larger),  placed  on  a  controlled  ground  point  will  provide  reasonable  criterion  measures  for 
the  Inflight  validation. 

However,  it  was  surprising  that  the  acuity  gratings  generally  were  associated  with  poorer  performance 
than  the  Landolt  rings.  Riggs*“  reports  that  in  the  ease  of  acuity  gratlnge,  each  single  element  (l.e.,  a 
single  line)  of  the  grating  pattern  would  be  clearly  identifiable  If  It  were  presented  alone.  However,  the 
presence  of  contours  (l.e.,  other  lines)  makes  It  difficult  for  the  observer  to  discriminate  the  separate 
elements  of  the  pattern.  It  la  reasonable  to  assume  thst  even  with  the  landolt  ring  gap  equal  to  the 
separation  width  between  the  grating  bars,  the  two  targets  do  not  necessarily  present  the  same  level  of 
difficulty  in  discriminating  performance.  In  addition,  Shlaer*®  found  that  two  functions  resulting  from 
the  use  of  these  two  targets  to  be  quite  dissimilar,  with  the  Landolt  ring  resulting  In  higher  visual 
acuity  with  Increases  In  Illumination.  However,  he  concluded  that  both  are  admissable  measures  of  visual 
performance. 

Since  visual  acuity  appears  to  be  a  form  of  brightness  discrimination,*^  the  significant  main  effect 
due  to  brightness  contrasc  bears  some  Importance.  The  results  of  this  main  effect  were  anticipated  except 
for  the  relatively  poor  performance  In  the  condition  where  the  target  was  brighter  than  the  background 
(BC  »  -200  percent).  However,  the  general  reflectances  from  these  tar get/backg;  ound  combinations  were 
quite  low  (See  Table  1).  In  addition,  traditional  empirical  data  have  shown  that,  for  dark  objects  on  a 
bright  background,  acuity  Is  maximal  for  the  highest  degree  of  contrasc  between  test  object  and 
background.  6  The  converse  may  nor.  necessarily  be  true. 
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DISCUSSION 


Major  Perry  (UK) 

A  comment,  really,  from  some  unpublished  UK  results  of  practical  operational  interest.  We  used  3 
different  gun-fired  or  nir-dropf cd  light  sources,  and  helicopters  going  down  range  looking  for  tanks. 
Prime  data  were  detection  ranges  as  they  varied  with  3  light  sources,  from  3  million  candle  power  at 
4,000  feet  to  artillery  star  shells. 

Surprisingly,  the  smallest  source,  the  star  shell,  proved  to  he  best,  while  the  high  powered  high 
level  source  was  reduced  in  value  by  all  sorts  of  factors  such  as  colour  and  area  of  terrain  covered. 

Major  Hilgendorf  (US) 

Individual  light  source  variability  is  of  great  importance  here*  Based  on  a  University  of  Denver 
study,  it  can  be  concluded  that  to  ate  most  of  the  targets  which  our  personnel  in  South  East  Asia  are 
seeing  vouLd  require  a  flare  of  about  115  million  candle  power  a  few  feet  off  Che  ground!  The  standard 
flare  produces  only  0.2  foot  candle  at  1000  feet  altitude,  about  100  times  more  than  moonlight  in  fact. 
ClearLy  our  model  data  are  deficient  here. 
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AIR  TO  GROUND  TARGET  ACQUISITION 


by 

Robert  W, Bailey,  Colonel,  MSC,  Commanding  Officer, 
US  Army  Acromedical  Research  Laboratory. 

Fort  Rucker,  Alabama  36360 


It  has  been  our  experience  in  ihe  application  of  aviation  medicine  research  that  many  systems  (including  the 
aircraft)  are  operator  limited,  both  by  task  loading  placed  upon  the  crewmember  and  an  inadequate  interface  between 
the  operator  and  his  machine.  In  addition  to  problems  between  man  and  his  flying  machine  there  are  increasing 
demands  on  man's  perceptual  and  motor  capabilities  when  this  task  of  flying  fiom  A  to  B  is  complicated  by  a 
visual  target  acquisition  and  weapon  delivery  application  task.  These  weapons  are  always  employed  in  a  high  threat 
environment  and  invariably  require  flight  profiles  that  are  unforgiving  if  the  pilot  fails  to  perform  all  his  tasks 
effectively,  accurately  and  expediently. 

In  an  effort  to  make  a  portion  of  this  task  easier  and  to  reduce  the  task  loading  a  method  for  visually  coupling 
the  pilot  to  his  weapon  system  has  been  in  the  research  and  development  stage  for  over  a  decade.  The  advantages 
of  such  a  system  are  that  it  should  allow  complete  hands  free  direction  of  weapons  system,  a  heads-up  display, 
feedback  from  firing  and  displays  to  null  out  pointing  errors,  wide  field  of  fire  limited  only  to  weapons  system 
flexibility  for  “off-axis"  targets  and  most  important  very  rapid  target  acquisition  while  using  the  natural  perceptual 
and  control  abilities  of  the  operator.  The  research  and  development  funding  by  US  Army,  Air  Force  and  Navy  for 
such  a  system  has  been  considerable  and  it  has  resulted  in  operational  hardware.  In  spite  of  these  achievements 
there  are  unresolved  hardware  problems,  e.g.,  reticule  design  and  helmet  coordinate  control  that  require  consider¬ 
able  engineering  improvement  to  reduce  cost,  complexity,  safety  and  efficiency.  It  is  my  purpose  today  to  present 
to  you  some  of  the  biomedical  problems  with  the  helmet  mounted  sight  and  visual  target  acquisition  system  that 
are  unresolved.  There  are  biomedical  problems,  for  which  assistance  is  unsolicited,  but  are  the  basis  of  deficiencies 
in  the  map./machine  interface  that  still  exists  with  these  systems.  For  example,  so  far  in  this  helmet  sight  technology 
head  movement  only  has  been  measured  and  used  for  control,  when  in  fact  man  uses  his  head  and  eyes  together  in 
almost  equal  amounts  to  perform  a  natural  target  acquisition  task.  Current  systems  force  the  man  to  employ  an 
unnatural  tracking  task  (using  only  the  head)  in  a  vibrating,  bouncing  aircraft  that  during  turns  or  evasive  maneuvers 
may  produce  sufficient  G  loading  on  the  head  and  neck  to  physically  restrict  or  prevent  this  necessary  head  move¬ 
ment.  Although  analogies  are  dangerous  it  is  my  impression  that  an  analogous  psychomotor  task  would  be  to  tune 
one’s  television  set  by  using  only  the  elbow.  In  both  of  these  situations  only  gross  muscle  groups  are  employed  and 
the  degree  of  difficulty  and  resultant  accuracy  are  physiologically  comparable.  Hughes  and  Nicholson23,  53  reported 
a  pointing  accuracy  of  1°  using  this  technique  in  the  quiet  laboratory’  environment  and  2.0°  average  error  during 
in-flight  testing33.  This  sighting  was  within  a  12°  zone  (6°  either  side  of  the  longitudinal  axis  of  the  aircraft);  the 
doubling  of  errors  in  flight  were  attributed  to  mild  turbulence.  When  the  target  is  presented  as  a  moving  target, 
degradation  of  accuracy  is  relatively  small  at  velocities  up  to  8  degrees  per  second  Nevertheless,  a  target  moving  at 
a  ’  le  normal  to  the  longitudinal  axis  of  the  aircraft  at  8  degrees  per  second  increases  the  sighting  error  by  a  factor 
of  4  as  compared  to  a  stationary  target.  At  25  degrees  per  second  the  error  is  again  doubled33.  Perhaps  one 
physiological  reason  for  this  increase  in  ertor  can  be  found  in  the  work  of  Sugie  and  Wakakuwa.  Their  studies 
revealed  that  although  target  fixation  is  accomplished  by  a  combination  of  head  and  eye  movements  the  visual 
tracking  of  a  target  tends  to  be  independent  of  head  movement.  In  the  case  of  the  helmet  mounted  reticule  this 
complication  to  normal  tracking  is  also  degraded  further  by  the  vestibulo-ocular  reflex.  This  reflex  tends  to  null 
the  system  so  that  head  motions  automatically  result  in  a  compensatory  eye  movement  to  keep  the  fixated  target 
stationary.  To  successfully  operate  the  current  design  ol  helmet  sight,  that  eliminates  eye  movements  as  a  part  of 
the  control  system,  it  is  necessary  to  overcome  this  non-linear  reflex  function.  This  is  not  always  possible  and 
therefore  may  produce  dissociation  between  the  sight  system  and  observer. 

A  controversial  and  yet  unresolved  visual  problem  associated  with  current  models  of  helmet  mounted  sights  is 
the  potential  effect  of  such  an  optical  device  upon  a  depth  and  spatial  perception.  Current  models  of  the  helmet 
mounted  sight,  or  visual  target  acquisi'ion  system  use  a  semi-silvered  mirror  mounted  on  front  of  either  the  right 
or  left  eye  to  receive  the  collimated  reticule  image.  This  results  in  differences  in  retinal  illuminance  between  the 
two  eyes  Pulfrich  first  reported  in  1921  that  distortions  in  space  perception  arc  introduced  when  a  stimulus 
object  is  in  motion  relative  to  a  fixed  field  and  viewed  binocularly  with  one  eye  darkened  by  a  filter,  or  if  one  eye 
is  illuminated  more  than  the  other  by  veiling  glare  Munster  in  1941  discovered  that  an  object  in  motion  was  not 
necessary,  but  rather  space  shifted  about  a  vertical  axis.  This  was  confirmed  by  Cibis  and  Haber  in  1951,  and  Ogle 
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in  1 9 *5 2 .  This  steroscopic  effect  of  the  rotation  of  space  about  a  vertical  axis  in  the  objective  fronto-parallel  plane 
can  be  detrimental  to  flight  safety  and  mission  accomplishment.  Lit  (1959)  conducted  research  to  determine  the 
effect  of  illuminance  level  on  this  phenomena  and  reported  the  effect  to  be  large  at  low  illuminance  levels  and 
decreasing  as  illuminance  levels  arc  increased. 

The  attachment  of  the  helmet  mounted  sight  components  to  the  helmet  is  a  third  source  of  bioengineering 
concern  along  with  the  total  weight  of  the  helmet  This  is  no  new  problem  and  historically  appears  to  have  been 
empirically  studied  by  German  Aviatiuu  Medicine  Specialists  in  World  War  11  The  conclusion  reached  is  quoted  as 
follows,  “One  of  the  parameters  of  head  protection,  which  is  physiologically  most  important  especially  with  regard 
to  accelerations,  is  to  limit  weight  of  the  helmet  to  about  I  Kg,  or  20  percent  of  the  weight  of  the  head".  Deceler¬ 
ation  research  on  cadavers  by  Haley  and  Turnbow  reported  a  severe  displacement  of  the  fifth  cervical  vertebra 
during  a  test  of  the  Army  APH-5  weighing  about  4  pounds  (1.8  K).  It  was  their  opinion  that,  “a  single  decelerate 
pulse  at  a  level  of  40  G  for  0  10  seconds  would  cause  irreversible  injury  to  the  cervical  spine  if  a  4  pound  helmet 
was  worn".  Work  done  by  a  joint  effort  between  the  Naval  Aerospace  Medical  Research  Laboratory  and  USAARL 
have  caused  us  to  also  be  concerned  about  the  centre  of  mass  of  the  helmet  and  its  relationship  to  the  center  of 
mass  of  the  head.  Briefly  our  data,  using  live  human  volunteer  subjects,  revealed  that  a  9  G  deceleration  pulse 
measured  at  the  scat  at  time  of  impact  was  amplified  to  12  G  at  the  cervical-thoracic  junction,  18  G  at  the 
bregma  and  over  36  G  at  an  accelerometer  mounted  on  a  bite  bar  at  the  subject's  mouth.  Therefore  our  medical 
position  is  to  restrict  total  helmet  weight  to  a  maximum  of  3.5  pounds.  Mounting  of  the  sight  upon  the  helmet 
can  also  destroy  the  load  distribution  capability  of  the  outer  shell. 

What  can  be  done  to  eliminate  these  bad  features  of  current  helmet  mounted  sights? 

(a)  First  two  techniques  can  be  employed  to  reduce  weight  and  potential  Pulfrich  phenomena  complications. 

A  technique  for  projecting  from  a  light  emitting  diode  to  a  very  small  (1.5  mm  diameter)  semi-silvered 
mirror  attached  to  the  visor  has  been  produced.  If  this  technique  is  considered  operationally  unsatis¬ 
factory  a  parabolic  visor  with  similar  collimated  lens  and  light  emitting  diode  can  be  used  to  present  the 
reticule.  This  also  solves  the  weight  problem  as  well  as  spatial  dislortion  since  such  a  system  weighs  only 
an  ounce. 

(b)  Ultrasonic  techniques  can  be  employed  to  sense  helmet  movement  rather  than  current  systems  using 
filtered  light  or  hardware  linkage  to  measure  the  positional  relationships  between  helmet  and  the  aircraft. 
Ultrasonic  surveys  of  current  helicopters  reveal  no  appreciable  amount  of  ultrasonic  noise  in  the  helicopter 
cockpit. 

ic)  These  corrections  do  not  resolve  the  elimination  of  eye  movements  from  the  system.  Therefore,  one 
should  not  expect  point  target  accuracy  for  such  a  system,  but  rather  expect  to  use  such  a  system 
primarily  for  target  acquisition.  The  helmet  mounted  sight  slaved  to  a  stabilized  optical  sight  combined 
with  a  weapons  system  is  an  ideal  system  for  a  pitot  to  handoff  a  target  to  the  co-pilot/gunner,  or  vice 
versa  This  system  can  also  be  seriously  degraded  when  nearby  targets  are  passing  at  high  angular  rates. 
For  area  weapons  systems  the  helmet  mounted  sight  is  a  fine  system  for  acquisition  and  fire  control. 

After  firing  is  initiated  and  observed  the  system  becomes  a  closed  loop  system  and  a  better  chance  for 
direct  hits  is  possible. 

In  summary,  the  current  helmet  mounted  sights  offer  an  ideal  method  for  man/machine  interface  and  currently 
offer  certain  advantages,  they  can  be  improved,  but  in  any  event  they  should  be  employed  with  full  knowledge  of 
their  biomedical  deficiencies. 
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DISCUSSION 


Major  Hilgeralorf  (US) 

Would  Colonel  Bailey  give  us  a  global,  off-the-cuff  judgement  as  to  whether  the  helmet -mounted 
device  ia  really  going  to  become  operational? 

Colonel  Bailey  (US) 

It  is  operational  now.  What  makes  it  successful  is  our  use  of  it  with  a  stabilised  optical  sight, 
a  fine  piece  of  optical  engineering,  the  SOS  system.  It  has  some  human  factors  problems  still,  like 
switches  being  in  reversed  sense,  but  once  on  target  it  is  a  fine  syatem. 

My  concern  is  the  system  accuracies  people  are  trying  to  specify  and  design  in,  to  enable, 
theoretically,  first  hits  at  long  ranges.  I  just  do  not  think  it  ia  physiologically  possible  to 
achieve  chat.  Used  in  conjunction  with  other  systems,  it  off era  tremendous  advantages.  I  am  certainly 
not  shooting  down  the  concept,  however,  but  merely  emphasising  the  biotechnological  constraints  on  its 
use . 
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A  DESION  CONCEPT  FOR  A  DUAL  HELICOPTER  NIOKT  SCOUT  3  To  TEH 

William  J.  Kenneally  -  Electronic  Engineer 

US  Armj'  Electronics  Command 
Avionics  Laboratory 
Fort  Monmouth,  Hew  Jersey  07703 


SUMMARY 

Limited  but  promising  operational  experience  with  helicopter  borne-right  vision  systems  (both  low 
light  lerel  TV  and  forward  looking  Infrared)  has  spurred  an  Interest  in  the  application  of  night  vision 
technology  to  second  generation  airborne  systems.  The  limited  quantitative  performance  data  on  these 
first  generation  systems,  coupled  with  tie  eignlflcant  advances  in  night  vision  technology  made  during 
the  intervening  period,  place  severe  restrictions  on  the  system  designer  attempting  to  make  logical 
system  tradeoffs.  The  scope  of  the  paper  Is  to  examine  various  relevant  data  on  the  subject  and  to 
develop  a  design  concept  for  such  a  second  generation  scout  system. 


INTRODUCTION 

The  limited  but  conceptually  proven  cepabtllty  of  airmobile  scout  helicopters  to  operate  in  periods 
of  darkness  has  fostered  considerable  interest  in  extending  this  capability  to  the  mid-intensity” 
battlefield.  The  basic  problem  is  that  of  establishing  a  conceptual  design  of  auch  a  scout  helicopter 
system  that  will  accomplish  the  tactical  mission  of  mobile  target  detection,  recognition,  and 
identification. 

The  major  distinction  between  these  earlier  efforts  and  the  propoeed  advanced  deelgn  task  Is  that 
the  emphasis  in  these  first  generation  systems  was  on  fielding  the  best  system  available  within  severe 
constraints  of  time  and  possible  aircraft  modifications.  Since  these  early  systems,  rather  eignlflcant 
advances  have  been  made  m  increasing  night-vision  device  capebility  (range,  resolution)  while  reducing 
the  site  and  weight.  Additionally,  rather  significant  increases  in  predicted  MTBF  hsve  been  achieved. 

In  short,  the  system  designer  has  available  to  him  considerable  design  freedom  in  specifying  desired 
night  vision  sensor  characteristics.  The  question  then  is  how  to  accoi^>llah  equivalent  system  level 
tradeoffs  with  respect  to  other  aspects  of  the  problem  (e.  g.  installed  weight,  endurance,  type  crew 
compartment, stabilization  requirements,  navigation/sensor  Integration,  etc.). 

Tactical  Context 

To  bound  the  scope  of  this  paper  we  shall  confine  cur  interest  to  that  of  real-time  self-contained 
battlefield  reconnaissance  aye terns .  Specifically,  we  are  concerned  with  the  detection,  recognition, 
identification,  and  position  fixing  of  mobile  targets  (tanks,  personnel  carriers,  support  vehicles, 
end  troops)  in  a  fluid  mid-intensity  battlefield  environment .  Conceptually,  since  the  scout  helicopter 
will  be  lift  capability  restricted  with  respect  to  ordnance  (with  poaeibly  a  mini-gun  for  some® 
suppreaslve  fire  ca, 'ability)  it  is  reasonable  to  expect  that  following  target  recognition  and  location 
the  scout  would  call  in  lnterdlctlve  fire.  However,  the  scope  of  this  paper  will  be  restricted  to  the 
initial  and  more  difficult  problem  of  target  detectlon,recognltion,and  identification. 

Baseline  Aerial  Vehicle 

Aa  a  point  of  departure  for  our  design  synthesis  we  shall  start  with  tbe  concept  of  extending  the 
capebility  of  the  existing  light  observation  helicopter  from  that  of  clear  day  operations  into  ths 
required  conditions  of  reduced  visibility.  While  one  might  argue  that  this  is  a  rather  non-eyetemetlc 
approach  to  t  conceptual  design  problem,  one  must  also  recognize  the  practical  impetus  of  upgrading 
existing  observation  helicopters  rather  than  starting  from  a  more  Idealised  base  and  then  requiring 
development  of  a  totally  new  airframe . 

For  purposes  of  design  orientation,  a  set  of  specifications  for  a  nominal  observation  helicopter 
has  been  developed  by  the  single  expedient  of  averaging  the  respective  statistics  for  both  the  OH-bA 
and  the  OH-58,  the  US  Army's  current  light  observation  helicopters.  While  these  averaged  performance 
characteristics  are  not  really  representative  of  either  aircraft,  they  are  certainly  representative  of 
the  class  of  vehicles  of  interest.  Table  1  lists  relevant  characteristics* 

Baseline  Sensor  Characteristics 

While  there  are  a  number  of  different  design  options  with  respect  to  target  surveillance  sensors, 
our  interest  Is  specifically  restricted  to  passive  electro-optical  sensors  (E-O)  (low  light  level  TV 
and  forward  looking  Infrared).  This  does  not  mean  that  active  devices,  operating  at  either  radar  or 
optical  frequencies,  are  considered  inappropriate  for  the  task  but  that  we  simply  prefer  ths  passive 
systems  for  tectical  reasons.  Prior  to  specifying  E-0  system  performance  value*  It  is  appropriate  to 
consider  how  the  E-0  system  and  its  carrier  vehicle  Interact  in  a  fundamental  manner.  Figure  1 
illustrate*  the  basic  sensor/vehlcle  geometry. 

While  a  very  simplified  overview  of  the  system  geometry.  Figure  1  does  allow  us  to  begin  to  identify 
the  categories  in  which  design  tradeoffs  are  usually  accomplished.  Specifically,  the  E-0  equipment 
designer  is  predominately  concerned  with  the  characteristics  of  the  E-0  device  1.  e.  range,  elevation 
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Figure  1.  Beale  Scout  Helicopter  Electro -Optical 
Sensor  Oeofsetry 

Figures 

N  -  Resolution  Elements 
U  -  Airspeed  (kts.) 
h  -  Altitude  (ft.) 

R  -  Flange  (ft.) 

«< .  E-0  Sensor  Depression  Angle  (deg) 

(i  -  Elevation  FOV  (deg) 
ui  •  Aelsuth  FOV  (deg) 


U.O  6.0  9.0  13. 5  20.0  30.0 


Nusber  of  Soane  Per  Vehiole 


Figure  2.  Average  Percentage  of  Correct  Identifications  for  Each  Vehicle 
Class  as  a  Function  of  the  Nurfeer  of  Scans  per  Vehicle  (angles 
of  viev  combined) .  (Reference  2) 


Cruise  Spaed 
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kta. 

Endurance 

2.3 

hr  a. 

Empty  Aircraft 

2475 

lbs. 

Crew 

400 

lbs. 

Fuel 

425 

lbs. 

Sensor  Payload 

450 

lbs. 

Aircraft  Max. 

3750 

lbs. 

Tab  la  1  -  Design  Point  for 
Night  Scout  Syateo 


AtmosDhere 

Scene 

Aerosol  Content 

Target  Cheracterittlce 

Cloud  Cover 

Background  Characteristics 

Illumination  l*vel 

Terrain  Masking 

Clutter  Level 

Send  or 

Display 

Bandwidth 

Number  of  Scan  Lines 

Field  of  View 

Fleld/Fracao  Rata 

Aspect  Ratio 

S/N  level 

Integration  Time 

Luminance 

SUe 

Number  of  Scan  Lines 
Contrast 

Scene  Movement 

Dynamic  Range 

Gamma 

S/N  Level 

Aspect  Ratio 

Image  Processing 

Edge  Enhancement 

Gamma 

Spatial  Filtering 

Table  2  -  Some  of  the  Variables  Affecting  Information 
Extraction  Performance 
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and  aslauth  field  of  ii**,  4*vd  resolution,  display  sise,  ate.  Correspondingly,  the  tactical  user  ie 
predominately  conoerr«ed  with  selecting  the  altitude ,  airspeed,  and  sensor  depression  angle.  Hence  we 
hare  an  iumdlata  and  direct  Interaction  that  in  many  cases  is  counterproductive .  Tae  specification 
of  E-0  device  charactsristics  tends  to  be  driven  by  technological  capability,  while  the  tactical 
considerations  are  bounded  by  such  factors  as  the  flight-safety  aspects  of  operating  on  tha  front  side 
of  the  power  curve,  and  operating  at  a  safe  night  altitude.  Hence  It  is  quite  poesible  to  have  optimal 
performance  (B-0  devirj  and  flight  conditions)  of  subsystems  and  yet  obtain  eyatem  performance  which  is 
significantly  lsra  than  optimal.  This  interaction  will  he  defined  more  fully  in  subsequent  sections 
of  the  paper  * 

Partitioning  of  Kan/Kachins  Problem 

With  this  brief  look  at  tha  interaction  of  the  sensor  and  the  sensor  carrier  it  le  now  worthwhile 
to  turn  cur  attention  to  what  is  probably  the  key  aspect  of  a  successful  system  design  -  the  interface 
between  the  surveillance  operator  and  the  surveillance  system.  As  an  aid  in  tha  further  bounding  of 
the  problem  we  shall  follow  ths  lead  of  Biberman  et  al  (Reference  1). 

Two  main  sets  of  factors  govern  the  performance  of  man 
and  his  low-light-level  viewing  ales.  The  first  is  well 
understood  and  Includes  the  physics  of  light,  optica, 
solid-state  materials ,  and  engineering  approaches  to  the 
design  of  photcelectronlc  devices.  Ths  second  sec  is 
related  to  the  less  well-known  factors  of  psychophysics 
and  vision  and  ths  interrelation  between  visual  tasks, 
and  quality  of  ths  image,  the  tint  available,  and  other 
subjective  matters  affactlng  the  observer  and  his  task. 

Table  2  identifies  some  of  the  variables  that  can  have  an  effect  on  the  ability  of  the  observer  to 
extract  the  signal  from  ths  noise.  Inspection  of  the  number  and  diversity  of  the  variables  in  Table  2 
provides  one  with  a  quick  index  of  ths  complexity  of  the  problem  of  specifying  an  E-0  sydtem  design. 

The  problem  at  this  stage  is  to  identify  the  kS7  variables  and  to  initiate  a  preliminary  design  based 
on  this  smaller  and  hence  more  manageable  set  of  design  variables.  The  remaining  variables  can  then  be 
treated  aa  modifiers  of  the  specified  system's  performance . 

Other  considerations  aside,  tha  single  moat  important  characteristic  of  the  E-0  system  la  that  a 
sufficient  rusher  of  spatial  samples  of  the  target  be  obtained  by  tha  sensor.  Hence  our  first  task  In 
tha  preliminary  design  synthesis  is  to  determine  the  number  of  spatial  samples  required  to 
detect,  recognise,  and  identify  targets. 

A  recent  survey  of  available  data  on  target  Identification  (Reference  2)  summarised  the  results  of 
several  earlier  studies.  Figure  2  shows  the  number  of  TV  lines  (scans)  versus  percent  correct 
identifications.  Ths  conclusion  of  that  study  was  that  on  ths  order  of  twenty  TV  llnea/vehlcle  era 
required  for  identification.  While  the  absolute  use  of  this  number  of  twenty  TV  lines  for  Identification 
is  probably  not  warranted,  we  can  use  it  as  an  index  of  one  condition  that  must  be  satisfied  to  obtain 
target  identification. 


Concept  of  Surveillance  "Footprint" 


Figure  3  defines  ths  sensor  "footprint"  more  explicitly.  It  Is  assumed  that  the  sensor  down-look 
angle, Is  adjusted  so  that  the  maximum  range,  R/sax,  of  the  E-0  device  Just  intercepts  ths  terrain. 

R  Intercept  le  then  defined  by  the  saiimum  lock-down  angle,  (of  *  B  ),  and  altitude  (h) .  The  sensor 
"footprint"  (linea/ground  dimension)  can  be  calculated  in  ths  following  way i 


0) 


KJ_ 

AC 


K' 


[  h’]7'- 


be  n(.  0.1  &  ) 

If  the  visual  feature  extraction  task  (detection,  recognition,  or  identification)  ia 
of  equivalent  lines/target  dimension  then  it  is  convenient  to  normalise  the  equation 

where 


specified  in  terms 
by  letting 

kit) 


Hi  •  detection 


Nx  •  recognition 
Kj  •  identification 


3!nce  aC  is  fixed  for  a  given  maximum  sensor  range,  Raax,  and  operating  altitude  (h)  the  design  variable 
of  interest  is  that  of  elevation  field  of  view  B  . 

Equation  (l)  allows  one  to  calculate  the  vertical  field  of  view  as  a  function  of  ths  other  parameters 
specified. 
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SEUXTING  NEXT 
FUAT  ION  POINT 


FIXATING  NEW 
POINT 


f  wf *  ■-•*••■'■ fi 


"'W^ * 


for  raproesnbaltv*  Ttluws  *"•  cs»  mecif..  %  *»>int  of  departure  for  further  d**'^  ltereti  >n. 

Cgi;:nla»<s4..F*l.ueg 

b  •  150C  ,yi  .  15 e 

Hen*  *  600T" 

h  .  ).•/<•  r/  iim« 

t.,  •  I  TV  line  Aargst  ft.  *5  •  1 

J  (identification) 

For  eiaplic-i ty  of  discm-rior:  am  thill  sascee  that  *»rtlc.il  FW  oquals  iwc-isontej  TOT.  r  flsnye  our 
Initial  ayut as  csncspt  corwr.wtd  of  an  E-0  aystcs  with  tse  fallcwiny  characte/latlcai  TO?  1  a  1, 
resolution  1(0/  IL-we,  mxlwui  range  6000',  flam  at  tr.  altitude  of  1>00‘  s-ttn  a  1  unit -down  angle  of 
1?°. 

Sgghgit  £&Stl2Z  CoBaidBratuwa 

The  or  at  »t*p  In  our  dwign  synthesis  la  that  of  S-0  display  sp*:Vfieatioo.  *  a  nail  ariipt  a 
mtbsr  qo os«r»-ttt*e  estimate  of  the  observer's  visual  scquity  In  the  lallccpter  environment  »*  being 
?0  arc  tonutoa  iSrfereoee  3) .  Aacuni’ig  a  representative  eye  to  penal  distance  of  J3  Inc  has  ha  required 
•laa  Ir  epprotl  stately  9  Inches.  This  calculation  la  based  on  the  combination  of  ryets*  resolution  and 
clnbaia  resolution  requlreeauts . 

For  I  -  1000,  am  the  case  of  tarsal  ldm'.lfi>cattce  la^proxlaatai)  tmoty  TV  lire*)  than  tha  aystau 
can  resolve  luXO/SO  *  *’»  targets*.  Than  Wi*  reqairod  display  la  approximately  50  a  C.i8"»(  .0  lnchas) 
wtlca  1*  it  vary  iiract  icrl  Hm  for  a  hall  cop  tar  rousted  3TT  display. 

Observer  Display  Search  "ins 

Ok?  preltvlaar)  dsergn  has  new  yrrytuti  to  it*  point  vnan  m  nan  tvwartder  it  W  %  baa*  line  1-0 
concept  It  Is  epprcprlato  to  IntflLr*  at  this  *■«>»•  u  k  Ua  intsracUoo  -oT  Vsetlts)  opsrillone  on  tha 
ayatan  eff»c\>v*eos*.  Olvcn  that  the  Image  alto  is  s»-ri»  Utei  to*  t*a nrvhr  r*rsca.iy  setae1.  tha  targst 
If  contrast  and  fcrlght^as  «N  *t  appropriate  le-mla,  tbs  nul  q-usstinn  u»  Va*.  uX  ttr  tiaa  tha  observer 
has  to  search  ti**  target . 

Kafarrr.ee  i  rspwts  O  waits  of  a  aerie*  rf  carefully  c'jr.tro.VX.  iatereVcs-y  experiment*  In  target 
search  during  which  ays  aotlna  an*  tracked  *y  naans  of  a  meets  cssw.-'u  oefOrMter  eyston.  Bused  an  these 
oapsrlnrcts  lbs  flaw  Hlsgra*  shore,  la  Flyer*  1  jf  the  snarsf:  ynx*9t  s*W  octree .  A  *lpnlf  leant  result 
of  the  study  w*s  the  to  send  nation  (ffon  tha  rscwdoA  oe*do*»‘Wr  touT/  ef  ih»-  relsfJsr  fixation  rats  ss 
a  function  ut  l'clsc  target  sic*  relstlre  la  tbs  actual  Mrt*l  stye.  (  com>iLiU««c  «iitrlbutl<«  function 
of  flaatloo  tics  is  mown  ti  ftgtra  5.  Search  tins  cat  bs  ralri.Vr.ue'.  i_t  v*  «*»  dotsmlns  tin  nadber  of 
objects  or  points  thst  will  b*  flatted  each  arrow!  snd  tv-  mtoiyc*  rs'nm  far  the  ot  jecte  on 

the  display. 

in  a  strveured  labaratwy-  etparlssnt  in  ah  jA\  "faisr  »tw  c*h  brt  eorsht'mlad  the  relative 

fixation  rata  can  be  aeasortal  and  '-mrm  esarO  tint  «an  be  yotpXt**  oc»  a  direct  scr««qu eixe  cf  the 
rubber#  of  d.xff erect  rSaa  •VUTtata’ .  In  t*»  <ieee  o t  %  ty»U;UXy  *<t  r'.ayVsj^  lowtrtar,  we 

cannot  Sow  bits  dlatrlteiilcn  tn  «e  sent,  revert  to  tha  sttyle  CKjctpfc  «f  taswirVyj  t»«t  the  obesrver 
eearchas  ut  fetal  display  ta  a  noeb *r  of  gltapnsii.  hfimwr  5  deearfoss  n  mU*.r  Mtsnslve  isatbseatlcal 
■odol  to  prsiitjct  prcrehility  tt.  datactloo  of  s  Wife!  co  a  t*o»dl«<wiao  display.  »  key  slaaent  of  thia 
eodal  Is  tha  rotwopt  of  ecxoolng  the  display  <c  a  wdr  «t  gtwirfs,  itadt  glance  ettv tanking  at  angle 
of  four  degree*.  Thfjr  ntaly  tsed  an  netlaate  of  l/l  sf  ■  scvcaad  for  f  lrs.tl.ib.  M>vor»r,  s  better  value 
can  be  obtA‘.>«d  froa  Kafaraoe*  4  in  wblrfi  sceatlng  ties  ms  oscarlm-'jy  fsMS*i red.  Figure  5  presents  the 
r» uj.lt*  of  vase*  ssaxonmeita .  is-nrd  on  th»*  toco  wa  awte  slertad  »o  rs*  a  flxstn*  intarval  of  500 
adui.: la»c  as  u  raaeoaaibla  osttsavi  far  tie  tarya"  tearth  flattlan  tier  f*r  %  f<K»  begrre  visual  coos. 

a 

New  tha  display  specified  aarlier  aUstanf  *  a  mg!.!  «f  appf'oxiwntsjy  1«  la  both  elevation  and 

aslauth.  Bcixb  it  ivwy.tre»  syprualnately  70  vfltgjsee  t*  cow  Use  display.  i.t  *!C0  ailjlsacoids 
per  cllmpaa  jt  wUi  taka  a  •d.K'.ota  U«  of  1C-  uccuods  tot  display  team*.  U  ebon Id  M-  recognlaed  that 
this  salve  currsupstiil*  to  a  dnlun  t'ian  far  ewwrca  slant  it  acstnPs  'Jbst  the  3/V  on  th>  display  Is  such 
that  a  Mrga>*.  will  be  readily  dalacteoi  os  *  Mrgit;  if  Uist  ne -it Son  of  U*  dlspl.gr  lx  eesrebed.  In  anny 
cases  this  '•■undltion  will  not  bo  aatiafird  sad  htfm  a  a»do*r  of  gllufjso*  wlt.t  ’to  roqwrsd. 

Nafor-arxa  1  reports  the  result*  of  <n  etyerlstwSt  in  idriub  tcntrollvd  targsto  twerias  of  rectangles 
of  different  ti. sea)  were  eyirtsmUeaUj'  nixed  with  band -ItaJ. reef  wWtn  rxf.as  *n i  uutpleyod  on  «  8  Inch 
ac Tutor  hS  Incbws  trom,  the  -shewrwra  oyti.,  'tsrfw'.  nlsW  wnrsstujntoi  i«  typical  «!**#  for  real  tactical 
targets  or.  a  sleUar  display.  Kuwm  enrs^red/stion  vs  tbs  Bi+tt  jmt  krsltcnpter  toalgn  concept  Is  quite 
valid.  Vlfme  6  areMnts  the  -eenltf  of  the  asperlsewt  1«  ter fw  of  t+»  cwalatlv*  protautllty  of 
detect  1  oe  terwua  the  dlnplay  eignal  •to-r»t*a  mtlo.  Froui  the  s*w/dw»ls.+  of  »;-»*.* a  rpaclfleat.lon  then 
It  ia  a»*isad  that  the  display  3MR  is  frsetar  Ihsy  5. 
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Figure  6.  Measured  and  Predicted  Probability  of  Detection 
(Data  froa  Ra fa ranee  1) 


ir.  i  s 


Reference  6  established  an  exponential  model  for  search  time  as  a  function  of  target  single  glance 
probability  of  detection  and  display  area  which  ia  more  representative  of  the  actual  case.  However,  as 
we  are  interested  in  establishing  bounds  on  performance,  we  have  assumed  P0  •  I/P5,  That  is^the 
probability  of  detection  is  one  -  given  that  the  area  is  searched.  The  generalised  model  is  given  in 
equation  2.  P(t)  is  the  probability  of  detection  as  a  function  of  scanning  time,  Pj>  la  the  probability 
of  detection  for  a  visual  cone  of  four  degrees,  t  is  the  time  of  search,  and  A  is  the  display  area  in 
degrees  squared  . 

(2)  P(t)  ■  1  -[exp  -  lg6Pp  t[j 
Effect  of  Aircraft  Motion 


To  thie  point  we  have  treated  the  image  on  the  display  as  stationary.  That  of  course  is  not  the 
actual  case,  the  time  for  the  "image"  or  surveillance^  "footprint"  to  be  traversed  is  simply 

...  A  D  _  T- /in*,  "  ~  J  ~  tidin') _ _ 

'J'  "  ui,  “  u_ 

for  the  system  parameters  outlined  earlier.  Setting  the  time  available  aquation  equal  to  the  time  for 
display  search  yields  1/  c, 

L<W-m7  ~  i— ~ T~ 

f 

For  n  -  1  (slnglo  glliqpee  at  each  element  of  display)  and  the  system  parameters  outlined  earlier  u  is 
approximately  50  kta  which  la  an  acceptable  cruise  speed  for  a  light  helicopter.  It  is  important  to 
note  that  the  required  epeed  la  dependent  on  the  number  of  glimpses  required  which  is  in  turn  dependent 
on  both  the  physical  site  of  the  display  and  the  single  gllmpae  probability  of  detection.  Hence  a  higher 
probability  of  detection  will  require  lower  airspeeds.  This  illustrates  the  E-0  versus  operational 
interaction  noted  earlier. 

For  the  design  concept  outlined  it  is  evident  that  some  form  of  image  stabilisation  is  required. 

Image  stabilization  1s  concerned  with  both  the  elimination  or  at  least  the  significant  reduction  of 
aircraft  motion  (both  angular  and  translation)  on  tha  image.  One  approach  would  be  to  stabilize  the 
turret  sensor  to  insure  t'.,»,  ti.o  1-ne  -f  .sight  is  stabilized  to  a  point  on  the  ground  during  the  target 
area  search  time. 


Aircrew  Considerations 


Reference  7  identifies  a  number  of  environmental  consideratlonifor  attack  helicopters  in  a  NATO 
environment.  While  not  exactly  a  match  for  tha  night  scout  task  it  does  provide  insight  into  related 
task  consideration;  one  particular  area  needs  to  be  engihaslzed  -  that  of  dark  adaption  requirements  for 
the  flight  crew. 

The  pilot, who  is  essentially  concerned  with  either  night  VFR  flight  or  ITR  flight  operations, will 
tend  to  operate  in  a  dim-illuminated  cockpit  both  to  maintain  his  night  vision  adaptation  a9  well  as  to 
minimize  aircraft  detection  by  ground  elements. 


The  observer,  on  the  other  hand,  is  concerned  with  aerating  tne  display  at  a  brightness  level  that 
maximizes  probability  of  detection.  In  general,  the  brightness  levels  associated  with  maximizing  the 
probability  of  detection  are  Incompatible  with  the  cockpit  illumination  levels  desired/required  by  the 
pilot.  Hence  for  our  design  concept  the  cockpit  arrangement  places  the  observer  in  the  rear  of  the 
observation  helicopter  and  hence  is  capable  of  being  enshrouded  to  permit  high  illumination  of  the 
display  scope  without  pilot  interference.  Figure  7  shows  the  general  aircraft  arrangement  of  our  scout 
helicopter. 


Suiwnary  of  Preliminary  Design  Concept 


Our  point  design  night  scout  helicopter  can  be  suamzrized  as  follows; 


Pield  of  View 
Stabilization 
Resolution 
Display 

Sigi^l/Nolee  Display 


o  a  C  V 

lxl  (for  identification)  6x6  for  detection 
Notion  and  line  of  sight  stabilization 
1000  line 

Approximately  5x9  Inch  panel  mounted  CRT 

5 


Operational  Effectlvlty 

Given  our  ecout  point  design  the  task  is  to  determine  its  relative  tactical  effectlvlty  es  an  aid 
in  measuring  the  relative  worth  of  possible  design  alternatives.  One  such  index  is  area  searched/unit 
time.  For  the  parameters  outlined  earlier  the  proposed  scout  helicopter  will  bo  able  to  search 
approximately  30km^/hr.  This  may  be  an  unacceptably  lc«J  search  rate  relative  to  tactical  area#  that 
need  to  be  searched. 
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Design  optimisation  -  Target  Identification 

In  brief,  our  rather  conservative  design  effort  has  resulted  in  a  system  conceptual  design  that 
essentially  insures  the  capability  to  accomplish  that  most  difficult  of  battlefield  tasks  -  target 
identification.  However,  as  a  counterpoint  to  this  significant  capability  is  the  potentially  restricted 
area  coverage  identified  earlier.  The  problem  then  is  to  devise  a  viable  system  mneept  that  will  enable 
us  to  maximize  the  capability  of  this  scout  system  while  providing  for  coverage  of  significantly  larger 
areas  of  terrain. 

Dual  Sensor  Concept 

One  such  concept  would  be  to  odd  a  long-range  area  coverage  radar  system  to  the  Scout  Helicopter. 
Such  a  system  could  conceptually  provide  a  pointing  or  cueing  capability  to  the  more  precise  night 
vision  system  for  subsequent  target  detection  fin  this  case  target  handoff)  followed  by  target 
ldentlf icat Ion. 

Aircraft  Lilt  Capabilities 

Earlier  in  the  paper  the  nominal  capability  of  the  type  light  observation  helicopter  was  specified. 
Since  we  now  have  a  design  point  for  the  nominal  scout  system  it  is  possible  to  compare  the  required 
with  the  practicable  to  determine  total  system  feasibility  froci  an  aircraft  lift  standpoint. 

A  reasonable  weight  estimate  for  the  night  scout  system  is  as  follows: 


Night  Vision  Tensor 

50 

lb 

(NV)  Stabilization  System 

150 

lb 

Display 

30 

lb 

Navigation  System  (LOS  Stab.) 

50 

lb 

Radar 

250 

lb, 

Baseline  Avionics 

75 

lb 

TOTAL 

605 

lb 

Comparison  with  the  data  in  Table  1  indicates  that  the  baseline  system  exceeds  the  available  lift 
capability  by  a  significant  amount. 

Alternative  Approach  -  Dual  Scout  Concept 

In  fact,  the  representative  hardware  weight  estimates  for  the  combined  radar-night  vision  system 
exceed  that  of  the  design  point  helicopter's  lift  capability  and  hence  rules  out  the  concept  of  a  single 
aircraft  system.  There  is  however  an  alternative  method  for  Implementing  the  system  c oncept  in  an 
aircraft  compatible  way.  In  short,  there  is  no  absolute  need  to  make  each  scout  helicopter  totally 
self-sufficient  since  a  more  efficient  solution  la  to  use  one  longer  range  radar  system  to  provide 
target  data  to  one  or  more  scout  helicopters  as  shewn  in  Figure  8.  As  indicated  in  Reference  9,  the 
key  to  successful  airmobile  operations  is  the  integration  of  the  total  capabilities  of  the  Army  rather 
than  the  development  of  single  mission  aircraft  that  accomplish  all  missions  on  a  lone-ship  basis. 

Dual  Scout  Implement at  ion 

The  use  of  the  dual  scout  approach,  while  eliminating  the  problem  of  attempting  to  install  all  of 
the  equipment  in  a  single  scout  helicopter,  does  bring  with  it  the  additional  constraints  of  a  common 
and  accurate  navigation  system,  a  data  link,  as  well  as  a  means  for  coordination  of  the  total  "system" 
as  suggested  in  Figure  8.  These  additional  constraints,  hewever,  are  well  within  the  state  of  the  art 
and  can  be  met  with  appropriate  "system"  level  planning. 

Conclusions 


A  design  point  study  for  a  night  scout  helicopter  has  been  completed.  The  interaction  among 
tactical  considerations  and  E-0  system  attributes  have  been  identified.  Finally,  the  search  effective¬ 
ness  for  a  nominal  design  has  been  calculated.  Based  on  the  limited  area  search  capability  forecase 
for  the  design  point  system,  a  concept  for  a  dual  helicopter  system  has  been  developed. 
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DISCUSSION 


Major  Ferry  (UlO 

What  concrete  evidc.ee  have  you  to  state  that  ground  vehicles  will  spot  your  helicopters  belore  you 
see  theta?  Secondl--,  you  cannot  really  believe  that  the  need  to  fly  high  is  viable  in  North  West  Europe? 
You  must  stay  down  with  the  trees,  as  shown  by  the  analysis  we  have  of  some  300  to  400  flying  hours, 
including  hours  at  night.  Our  findings  are  perhaps  summed  up  by  the  word  "Tactics",  1  suppose,  and  seem 
to  prove  you  wrong, 

Mr  Kenneally  (US) 

I  do  have  empirical  data  from  Army  tests,  which  I  presume  could  be  made  available  to  you.  Based  on 
that  data  is  our  current  design  requirement  for  night  scout  helicopters.  We  would  not  invest  all  this 
expense  in  electronic  systems  for  helicopters  if  it  were  not  necessary. 

Major  Ferry  (UK) 

Why  not  put  your  display  againsc  the  real  outside  world,  so  Che  display  content  matches  the  real 
view?  Perhaps  a  full-size  real“life  kind  of  Head-Up  display  is  what  I  mean,  although  I  know  you  are 
thinking  mainly  of  TV,  It  would  be  a  matter  of  turning  brightnesses  up  and  down  to  give  a  match, 

Mr  Kenneally  (US) 

People  have  looked  at  the  idea  of  night  vision  displays  on  HUD,  such  as  the  'night  window'.  The 
problem  even  with  a  zero-content  TV  screen  is  one  of  Iosb  of  dark  vision,  however.  Then  you  need  a 
good  deal  of  space,  and  have  to  make  some  equipment  crade  to  find  it.  An  even  bigger  problem  is  the 
need  to  stabilise  the  equipment  to  look  at  a  point,  given  the  bumpy  aiicraft  ride. 
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GENERAL  DISCUSSION 


Dr  Huddleston  (UK) 

I 

Before  opening  the  general  discussion,  1  first  want  to  give  Dr  Bloomfield  time  to  complete  an 
answer,  and  then  to  accept  a  question  I  acknowledged  from  Mme.  Heynemann. 

Dr  Bloomfield  (UK) 

This  is  an  answer  to  Hr  Overington,  He  were  dealing  with  a  complex  visual  display,  which  most 
acuity  studies  have  not  treated,  and  expected  an  Interaction  between  viewing  distance  and  display 
complexity.  In  fact,  there  turned  out  to  be  none. 

Mme.  Heynemann  (France) 

Could  I  ask  Dr  Taylor  about  the  application  of  the  Blondel-Rey  formula  to  flash  stimuli.  With  the 
Increasing  use  of  electronic  sources,  light  time  is  getting  briefer  and  briefer,  generally  less  than  a 
millisecond.  Do  you  think  the  Blondel-Rey  formula  will  always  apply?  In  particular  can  the  physiological 
constant  0,2  sec  (a  threshold  concept)  still  be  correct? 

Dr  Taylor  (US) 

Single  brief  pulses  in  the  nanosecond  and  microsecond  range,  and  indeed,  well  into  the  millisecond 
domain,  appear  to  follow  Bloch's  Law  exactly  at  threshold.  This  is  true,  moreover,  regardless  of  pulse 
shape  (as  shown  by  Loqg  in  1951)  and  for  the  case  of  multiple-flick  trains  of  pulses  whose  total  extent 
do  not  exceed  critical  duration.  The  threshold  fot  multi-flick  pulse  trains  longer  chan  t  is  now  under 
study,  but  we  do  not  have  sufficient  data  as  yet  to  enable  any  conclusione  to  be  drawn.  I  would  guess, 
however,  that  the  function  will  again  be  complex,  especially  as  eye-movements  come  into  play  and 
probabilistic  simulation  occurs.  Thus,  the  Blondel-Rey  "constant",  a ,  may  or  may  not  have  any  meaning  for 
electronic  flash  sources  operated  in  the  multi-flick  mode. 

It's  in  any  case  known  that  the  value  of  £  varies,  experimentally,  over  a  very  wide  range,  and  is 
quoted  only  with  some  faith  as  being  0.20  or  0.21  sec.  It  ranges  from  1.0  sec  to  0.05  sec  at  least. 

Thus  0.2  sec  is  a  convenience,  and  has  no  theoretical  under-pinning,  except  in  the  context  of  an 
appropriately  limited  set  of  conditions.  Practical  application  demands  a  simple,  single  value,  that's 
all,  and  0.2  sec  has  been  adopted  by  C.l.E. 

Dr  Huddleston  (UK) 

Now  to  che  open  discussion.  With  their  permission,  Messrs  Bailey,  Hilgendorf  and  Kenneally  represent, 
I  think,  some  of  the  more  practical  people  we  have  present,  if  other  laboratory  workers  here  will  join 
me  in  being  below  the  practical  salt.  All  three  have  spoken  about  aids  to  vision;  specifically,  that 
flares  are  not  developed  up  to  known  current  needs,  that  head-aiming  ability  is  still  an  exluaively 
empirical  topic,  and  chat  low-light  TV  leaves  us  too  ignorant  to  agree  precisely  where  we  are  most 
ignorant.  Could  I,  Chen,  ask  each  in  turn  to  gay  bluntly  whether  they  think  elegant  laboratory-based 
modelling  is  a  help  or  a  painful  hindrance  in  evaluating  equipment  requirements? 

Major  Hilgendorf  (US) 

I  have  no  doubts  that  the  laboratory-developed  models  and  techniques  are  a  quite  fantastic  aid. 

However,  ve  try  to  work  at  three  levels;  che  basic  psychophysics,  then  simulation  trials,  then  flight 
tests  in  that  sequence. 

Doubtless,  many  of  the  visual  parameters  thac  concern  us  could  be  investigated  in  a  light-proof 
room  with  the  subject  on  a  bite-bosrd.  But  we  have  a  responsibility  for  "face-validity"  in  our  research 
efforts,  and  must  tie  in  our  work  to  things  that  the  actual  practicioners  understand.  I  can  bring  a 
tactical  conxaander  into  my  terrain  model  laboratory  and  he  can  lcok  at  scenes  like  others  he  has 
actually  experienced  before.  Very  few  of  our  tactical  cosmanders  are  impressed  by  a  bite-board  and 
optical  bench.  But  we  know  our  good  simulations  are  founded  on  previous  besic  research  of  low  or  tero 
"face  velidity". 

Colonel  Bailey  (US) 

I  think  that  sums  my  opinions  quite  adequately.  Some  people,  however,  conatrue  the  pragmatic  world 
as  being  a  non-scientific  one,  and  that  is  not  correct  at  all.  We  try  to  take  established  principles 

from  basic  work  and  apply  them  to  practical  problems,  but  in  fact  the  two  are  not  separate  but  rather 

continuous  areas  of  activity. 

Mr  Kenneally  (US) 

From  a  design  stand  point, there  is  no  doubt  that  models  have  a  very  greet  deal  to  offer,  if  only  to 
give  relative  number'  to  use  in  selecting  options.  In  the  previous  discussions,  the  world  seemed  to  be 
divided  into  two  camps;  those  for  models  end  those  against.  But  that’s  an  artificial  kind  of  distinction. 

The  model  has  a  place  as  a  filter,  too,  to  save  money  on  hardware  end  flight  tests  which  would  be 

quite  ineffectual.  The  key  is  to  work  the  model  and  test  effort  complementer ily,  the  one  built  on  the 

other  in  a  suppoitive  fashion.  I  don't  doubt  tha  uae  of  modelling  at  all. 
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Colonel  Bailey  (US) 

Did  Dr  Taylor  moan,  earlier,  that  certain  models  should  not  be  put  "on  the  menu"? 

Dr  Taylor  (US) 

Hy  comment  was  really  that  one  should  use  the  model  but  not  "eat  the  menu".  Models  have  a  useful 
place  in  directing  work  and  thinking,  but  co  swallow  a  model  whole,  uncritically,  is  a  real  danger, 

The  ingredients  should  be  looked  at  carefully. 

Mr  Overington  (UK) 

Can  I  address  a  general  comment  to  Dr  Taylor,  regarding  the  Blondel-Rey  equacion.  I  believe  that 
by  starting  with  the  known  physical  properties  of  the  eye  one  can  show  a  discontinuity  to  be  expected 
in  the  region  between  0.25  and  1.0  second.  Indeed,  the  asymptotes  of  the  total  function  would  be  the 
Bloch  Law  at  exposure  times  of  less  than  0.01  sec,  and  a  constant  value  lav  would  apply  for  values 
greater  chan  10  sec.  In  between,  the  large  variations  as  amongst  various  experimenters  can  be  explained 
in  terms  of  contrast,  size  and  presentation  parameters,  and  would  be  predictable  from  these  same 
physical  properties.  1  shall  be  publishing  these  concluaions  shortly. 

Dr  Taylor  (US) 

1  have  no  doubt  chat  several  concurrent  effects  operate  in  the  traneition  range.  Certainly,  it  looks 
as  if  the  quantum  (square  root)  case  is  adhered  to  for  at  least  a  short  time  over  part  of  the  range. 

Then,  as  you  go  to  longer  durations,  you  get  Che  business  of  multiple-look  probabilities  and  also  the 
effects  of  spontaneous  eye  movements  giving  hit  probabilities  for  many  cones.  We  hsve  a  mixture  of 
effects,  Chen,  and  find  the  Blondel-Rey  specification  too  simplistic.  The  practical  importance,  in 
terms  of,  say,  energy  saved,  is  not  really  germane  to  this  discussion. 

Dr  Grether  (US) 

I'd  like  co  enter  another  variable,  the  matter  of  combat  degradation.  Models  predict  laboratory 
data  quite  well,  and  may  predict  simulation  or  field  test  data  too,  but  the  combat  situation  seems  to 
throw  in  another  gross  effect.  I'm  not  aware  of  anyone  succeeding  at  putting  any  factor  or  whatever  into 
model  predictions  to  account  for  combat  situation  variables. 

Dr  Huddleston  (UK) 


Yea,  thank  you  for  your  question,  but  X  pass  it  on  to  our  speakers  with  some  trepidation.  I'm 
keenly  aware  chat  the  issue  is  a  very  sensitive  one,  probably  meriting  special  treatment  at  a  future 
symposium. 

Mr  Kenneally  (US) 

We  have  e  progranzne  running  at  present  Co  do  with  night  vision  from  helicopters.  May  I  juat  relate 
what  one  individual  cold  me,  that  calculations  as  to  what  could  be  seen  were  fine,  but  when  he  got  co  combat 
he  became  a  loc  better  just  afeer  being  shot  at!  It  may  not  always  be  a  degradation,  but  a  motivation 
bonus  or  something  like  chat. 


Major  Hilgendorf  (US) 

Dr  Grether  knows  I've  beer,  worrying,  and  worrying  only,  around  this  problem  for  about  4  years.  We've 
attempted  to  monitor  our  aubjeecs  with  physiological  measures  boch  in  Che  laboratory  and  in  flight, 
using  all  sorts  of  measures  and  appealing  to  all  sorts  of  theories,  but  still  nothing  holds  together  by 
way  of  a  finding.  One  embarassing  problem  for  our  theories  is  that  some  of  our  best  fovard  air 
controllers,  those  who  can  really  acquire  targetB,  are  older,  need  corrective  lenses,  are  by  no  means 
"tiger"  types,  end  are  often  being  heavily  shaken  around  at  the  time!  They  report  they're  very  streased 
in  combat,  and  return  to  base  with  a  dry  mouth,  for  instance,  and  perspire  heavily,  and  perform  greatly. 

I  don't  know  how  we're  ever  going  to  predict  this.  Perhaps  some  part  of  arousal  theory  may  hold  the  key. 


Dr  Huddleston  (UK) 


The  only  materiel  I  can  mention  today  is  Chet  World  War  II  and  Korean  War  data  examined  by  Norman 
K  Walker  in  the  States,  of  whom  I'm  sure  you're  aware.  1  personally  find  only  part  of  his  data  and 
even  leae  of  his  conclusions  acceptable.  Of  the  fev  items  I  accept,  the  most  notable  Is  not  really 
classifiable  as  combat  degradation  of  human  performance.  This  concerns  the  attacking  of  bridges  in 
Southern  Europe  with  partially  guidable  bombs,  where  the  individuals  stayed  long  enough  to  estimate 
where  the  bomb  was  going  roughly.  Ii  it  was  going  left,  they  kicked  it  righc,  if  right,  they  kicked  it 
left,  then  flew  away  as  quickly  as  they  knew  how.  1  call  that  shrewd  thinking,  not  a  stress  effect  in 
the  context  of  the  question  we're  asking. 

Dr  Grether  (US) 

YeB,  I'm  somewhat  aware  of  Mr  Walker's  work,  and  evaluate  it  similarly  to  yourself. 

I  think  the  combat  situation  is  somewhat  complicated.  There  is  s  stress  on  the  individual  but  also 
a  general  stress  on  che  whole  situation  or  environment,  not  s  personal  stress  but,  for  example,  a 
great  confusion  and  a  kind  of  on-goiag  gross  misjudgement  or  mismanagement . 
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Mt  Ericson  (US) 

I  might  mention  one  happening  at  the  Naval  Weapons  Centre,  China  Lake.  We  had  combat  bombing 
accuracy  data  with  errors  3  or  4  times  aa  high  as  Teat  Range  data.  Someone  arranged  practice  bombing 
in  the  mountains  north  of  the  China  Lake  Range,  for  squadrons  who  had  not  seen  the  area,  coming  in  on 
a  simulated  strike.  These  data  were  closely  similar  to  the  combat  data.  It  seems  to  me  that  Range 
testing  crews  gather  a  great  deal  of  familiarity  with  the  area  which  is  unlike  operational  use.  Perhaps 
we  should  spend  even  more  efforts  on  simulation  of  the  task. 

Wing  Commander  Anderson  (UK) 

A  main  problem  here  is  getting  the  information  (about  hit  accuracy) .  In  World  War  II  the  very 
noticeable  thing  was  che  unwillingness  of  any  interrogator  to  impute  anything  but  extreme  courage  in 
Che  aircrew,  and  Che  inability  of  Che  aircrew  member  who  had  just  risked  his  life  Co  believe  he  hadn't 
done  che  job  properly.  This  is  quite  a  genuine  phenomenon. 

1  conducted  some  limited  experiments  myself,  and  discovered  that  the  target  identification  was  very 
much  tied  up  with  the  danger  involved.  In  peacetime  and  training  you  gee  a  pat  on  the  back  for  correct 
identification  and  attack.  In  wartime  you  get  something  nasty  and  hot  in  some  other  part  of  your 
anatomy!  The  outlook  in  wartime  is  completely  different  so  that  there  maybe  a  vested  interest  on  the 
part  of  aircrew  in  finding  Che  wrong  target,  and  this  vary  strong  effect  has  to  be  squarely  faced. 
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SUNWARY 

This  paper  presents  an  approach  to  determining  the  probability  cf  acquiring  targets  by  a  search 
aircraft  which  flies  along  an  enemy  line  of  communication  (LOC).  A  line  of  communication  is  defined  as  a 
route,  e.g.,  a  road,  waterway,  or  railroad,  and  the  targets  of  interest  are  trucks,  boats,  or  other  appro¬ 
priate  carriers.  The  analysis  approach  consists  of  three  areas  of  investigation:  (1)  analyzing  the  con¬ 
tour  (twists  and  turns)  of  a  route  for  purposes  of  establishing  a  preferred  flight  path  plus  determining 
the  frequency  distributions  of  LOC  aspects  relative  to  this  flight  path,  (2)  computing  the  probability  of 
detecting  a  target,  given  a  set  of  IOC,  target,  and  flight  path  conditions,  and  (3)  integrating  the  results 
of  the  first  two  areas  of  investigation  to  produce  the  probability  of  target  acquisition  for  the  overall 
set  of  conditions. 

The  methodology  presented  in  this  paper  can  be  applied  to  investigate  conditions  of  target  ac¬ 
quisition  for  existing  lines  of  communication  in  the  real  world. 

LIST  OF  SYMBOLS 

6  a  a  parameter  used  in  a  target  detection  model  which  is  sensitive  to  sensor,  target, 
background,  and  atmospheric  conditions  among  others. 

Pp  =  probability  of  target  detection. 

h  A  height  of  masking  obstacle. 

H  «  altitude  of  search  aircraft. 

w  A  1/2  width  of  LOC. 

K  a  horizontal  component  of  distance  between  LOC  and  aircraft. 

d  A  horizontal  component  of  distance  between  masking  obstacle  and  the  line  of  sight  to 

the  target. 

»  probability  of  target  acquisition. 

«  A  crossing  angle  of  LOC. 

6  A  offset  distance  -  LOC  to  flight  path. 

STATEMENT  OF  THE  PROBLEM 

Target  detection  by  an  overflying  aircraft  depends  on  many  things  such  as  light  level,  target 
and  background  signatures,  atmospheric  absorption,  and  time-m-view  of  the  target.  Of  these,  the  prob¬ 
ability  of  detection  for  a  given  target/background  combination  is  ordinarily  extremely  sensitive  to  the 
time  the  target  is  in  view.  Time-in-view  is  a  function  of  the  sensor  ground  area  coverage,  aircraft  velo¬ 
city,  location  of  the  target  relative  to  the  sensor  coverage,  and  the  masking  effects  of  terrain  and  vege¬ 
tation.  These  factors  cannot  be  realistically  determined  until  paths  taken  by  the  aircraft  and  the  target 
have  been  specifically  defined. 

If  the  search  aircraft  Is  also  an  attack  aircraft,  the  general  problem  of  target  acquisition 
involves  both  the  ability  to  initially  detect  a  target  and  the  ability  to  convert  on  the  target,  that  is, 
to  subsequently  turn  into  the  target  and  successfully  reach  an  acceptable  weapon  release  point. 

The  location  of  the  target  is  assumed  to  be  equally  likely  anywhere  along  the  LOC.  The  aircraft 
flies,  a  preplanned  flight  path  which  has  been  established  after  considering  the  general  contour  of  the 
route.  This  flight  path  determination  is  treated  by  the  line  of  communication  (LOC)  model  discussed  later 
in  the  paper.  The  search  aircraft  may  not  be  able  to  follow  all  of  the  twists  and  turns  of  the  route  be¬ 
cause  of  turn  limitations  of  the  aircraft.  The  LOC  model  considers  the  flight  path  to  consist  of  a  series 
of  straight  line  segments,  and  chooses  a  flight  path  which  maximizes  the  total  fraction  of  the  LOC  which 
is  in  the  field  of  view  of  the  search  aircraft. 

As  the  aircraft  flies  along  the  LOC,  the  route  below  will  wander  back  and  forth  across  the  ground 
projection  of  the  flight  path.  Most  of  the  route  will  be  offset  from  the  flight  path,  and  when  it  crosses 
the  flight  path  it  will  do  so  at  some  angle.  This  difference  between  the  route  and  the  flight  path  acts  to 
reduce  the  probability  of  target  detection  because  of  terrain  or  foliage  masking.  The  degree  of  masking, 
and  hence,  the  time  in  view  of  the  target,  is  a  function  of  both  the  offset  and  crossing  angle  of  the  flight 
path  relative  to  the  LOC.  The  LOC  model,  in  addition  to  determining  the  preferred  flight  pa^h,  computes  the 
frequencies  of  offset  distances  and  crossing  angles  of  the  route  relative  to  the  flight  path  of  the  aircraft 
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For  a  given  jet  of  values  of  offset  and  crossing  angles,  a  tlme-in-view  can  bo  determined  for  a 
given  degree  of  masking.  This  masking  is  a  function  of  aircraft  altitude,  height  of  the  objects  (such  as 
hills  or  treesj  along  the  IX3C ,  and  the  width  of  the  LOC.  These  factors,  plus  the  speed  of  the  aircraft, 
the  sensor  field  of  view,  and  the  maneuver  (turn)  limits  of  the  aircraft,  determine  the  time  of  exposure 
of  the  target.  This  time  of  exposure  can  be  translated  into  terms  of  probability  of  detection  by  a  mathe¬ 
matical  model,  using  target  and  background  characteristics  as  additional  inputs. 

The  problem  posed  is  to  integrate  the  output  of  the  LOC  model  and  the  time  in  view  to  give  an 
overall  probability  of  detecting  a  target  along  a  LOC  (e.g.,  road). 


THE  l.INE  OF  COMMUNICATION  MODEL 


Nearly  any  aircraft  can  follow  a  relatively  straight  road,  waterway,  or  railroad  in  flat  country 
in  such  a  way  that  its  sensors  are  always  looking  ahead  and  down  the  road,  since  no  turns  are  necessary. 

As  the  route  becomes  more  tortuous,  the  patrolling  systems  are  required  to  turn  more  in  order  for  the  tar¬ 
get  sensors  to  be  pointed  ahead  and  down  the  route.  As  more  and  more  turns  are  required,  the  effect  of 
patrol  speed  becomes  significant  since  the  faster  aircraft  have  larger  turn  radii  and  thus  cannot  negotiate 
as  many  turns  as  the  slower  systems.  When  a  turn  cannot  be  negotiated  without  the  route  passing  out  of  the 
sensor  field  of  view,  a  ilight  path  must  be  chosen  so  as  to  eliminate  the  turn  and  cut  a  swath  through  the 
tortuous  section  of  the  route  as  shown  in  Figure  1. 


AIRCRAFT  FLIGHT  PATH  OVER  TORTUOUS  SECTION  OF  ROUTE 

The  Line  of  Communications  Model  includes  a  flight  path  determination  subprogram  which  employs 
optimization  techniques  to  define  a  feasible  path  which  maximizes  the  percent  of  the  route  passing  through 
the  sensor  ground  area  coverage.  Inputs  to  this  program  include:  (1)  rectangular  coordinates  of  the  LOC 
to  be  analyzed,  (2)  maximum  number  of  aircraft  turns  permitted,  (!)  a  minimum  on-course  distance  between 
turns,  (4)  aircraft  speed,  altitude  and  G-limit,  (5)  sensor  field  of  view  dimensions  in  azimuth  and  ele¬ 
vation,  (6)  the  sensor  depression  angle,  and  (7)  the  x  coordinates  for  an  initial  set  of  aircraft  turns. 

The  first  step  in  determining  the  flight  path  is  to  define  the  route  to  be  patrolled  as  a  locus 
of  points  in  a  linear  coordinate  system.  An  LOC  is  defined  by  tracing  the  paths  of  specific  routes, 
selected  as  part  of  a  study  scenario,  from  maps,  A  linear  coordinate  system  is  then  superimposed  on  the 
trace  of  the  route  ind  the  x  and  y  coordinates  of  the  route  recorded. 

Once  the  initial  trace  of  the  LOC  is  determined,  a  "best"  flight  path  will  be  selected  as  des¬ 
cribed  below.  An  initial  flight  path  is  chosen  and  is  approximated  by  a  series  of  straight  line  segments 
connected  by  circular  segments,  the  radius  of  these  circular  segments  being  dictated  by  aircraft  maneuver¬ 
ability  limits  (a  procedure  for  selecting  an  initial  flight  path  is  given  in  Appendix  A).  Hence,  a  path 
is  completely  defined  once  the  x  and  y  coordinates  for  the  aircraft  turns  have  been  specified.  Given  the 
input  x-coordinates  for  the  initial  set  of  aircraft  turns,  least  squares  procedures  are  utilized  to  deter¬ 
mine  corresponding  y  coordinates.  This  procedure  tends  to  minimize  the  aircraft  offset  distance  from  the 
LOC.  Using  the  sensor  depression  angle,  aircraft  altitude  and  field  of  view  dimensions,  the  location  of 
the  sensor  ground  area  coverage  relative  to  the  aircraft  flight  path.  i.e..  the  sensor  "footprint"  is 
determined  by  appropriate  methods.  The  percent  of  the  LOC  actually  passing  through  this  sensor  swath  is 
the  figure  of  merit  assigned  to  this  initial  flight  path.  An  improved  flight  path,  (one  with  a  higher 
figure  of  morit)  is  then  sought  through  a  systematic  search  of  the  neighborhood  of  the  initial  x-coordinates. 
Repetition  of  these  procedures  until  specified  tolerance  limits  are  reached  defines  the  "best'  flight  path 
assumed  for  this  analysis.  Reference  is  made  to  Figure  2  which  is  a  flow  diagram  of  the  basic  steps  in 
determining  the  best  flight  path. 

Once  the  flight  path  has  been  determined,  two  important  quantities  associated  with  each  UX 
point  can  be  computed.  These  are:  (1)  tho  perpendicular  distance  from  each  LOC  point  to  the  nearest 
point  of  the  flight  path,  referrod  to  as  the  "offset  distance",  and  (2)  the  absolute  value  of  the  angle 
formed  by  the  intersection  of  a  line  segment  joining  two  adjacent  LOC  points  and  the  local  flight  path 
segment.  In  subsequent  paragraphs  this  will  be  referred  to  as  the  "crossing  angle"  for  the  related  LCC 
point.  The  frequency  distribution  of  offset  -  crossing  angle  combinations  for  this  "best"  flight  path  is 
an  output  of  the  LOC  model. 
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the  target  detection  and  masking  model 

The  probability  of  target  detection  depends  on  sensor,  target,  and  background  characteristics, 
plus  the  time-in-view  of  the  target.  Functional ly,  the  probability  of  detection  can  be  represented  as 


PD  -  U".  t) 
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where  t  is  the  time  in  view  and  6  can  be  a  parameter  which  collectively  accounts  for  sensor,  target,  and 
background  characteristics.  Tr.is  parameter  Can  be  sensitive  to  type  of  sensor  used  (e.g.,  radar,  I.R. , 
visual)  and  can  also  account  for  human  factors.  Often,  the  probability  of  target  detection  is  based  on 
an  exponential  model  of  the  basic  form: 


D 


l  - 


e 


-St 


[2] 


The  parameter  0  must  bo  determined  to  some  extent  on  an  ompirical  basis.  A  model,  such  as  equation  (2], 
can  be  derived  on  a  pure  empirical  basis,  or  it  can  be  based  on  Rn  executive  routine  which  accounts  for 
various  components  of  a  sensor  system,  considering  physical  characteristics  such  as  lines  of  resolution, 
sweep,  signal-to-noise  ratio,  etc.  One  example  of  such  a  model  of  the  latter  type  is  given  in  reference 
(1). 


We  will  not  present  the  theory  behind  such  a  model,  or  discuss  in  detail  the  various  methods 
one  could  employ  in  determining  the  parameter  0.  Furthermore,  we  will  not  give  the  probabilistic  basis 
for  a  model  based  on  equation  [2).  Discussion  of  the  theory  of  target  detection  is  given  in  reference 

(2). 


For  this  paper,  wo  will  limit  our  discussion  to  the  other  variable  of  interest,  that  being  the 
time-in-view.  Time-in-view  is  a  matter  of  geometry.  This  geometry  has  three  parts  pertaining  to:  (1) 
sensor  ground  coverago,  (2)  the  aircraft  maneuver  limit,  and  (3)  masking.  These  parts  are  independent 
and  therefore  could  be  discussed  in  any  order.  We  will  take  then  in  the  order  in  which  we  have  listed 
them  starting  with  sensor  geometry,  Tho  sensor  "footprint','  that  is,  the  pattern  on  the  ground  will  have 
varying  shapes  depending  on  the  type  of  sensor  used.  For  illustrative  purposes,  a  radar  sensor  usually 
is  fan-shaped,  the  sides  being  segments  of  radial  lines  and  the  leading  and  trailing  edges  being  con¬ 
centric  arcs  whose  centers  lie  at  the  intersection  of  these  radial  lines.  This  intersection  lies  directly 
beneath  the  aircraft.  The  fan  shape  is  symmetrical  about  a  centerline  which  is  parallel  to  the  aircraft 
flight  path.  The  dimensions  of  the  fan  are,  for  the  most  part,  proportional  to  the  altitude. 

The  maneuver  limit  is  of  interest  if  the  search  aircraft  also  serves  as  an  attack  aircraft. 

Once  target  detection  has  taken  place  a  sequence  of  events  must  then  take  place  prior  to  the  attainment 
of  a  weapon  release  point.  Cursors  must  be  set,  the  aircraft  must  be  turned  to  a  correct  heading,  thore 
may  be  a  handoff  to  a  terminal  sensor  system  and  then  final  flight  corrections  must  be  made  to  the  air¬ 
craft  heading.  Figure  3  depicts  the  general  situation.  If  minimum  required  times  are  known  for  each 
operation,  these,  in  addition  to  the  speed,  altitude,  g-litnits  of  the  aircraft,  and  weapon  travel  deter¬ 
mine  the  envelope  which  we  term  the  "maneuver  limit."  The  maneuver  limits,  assuming  constant  max  g  turns 
and  constant  speed,  is  simply  two  arcs  -  one  on  either  side  of  the  flight  path  concentric  with  the  arcs 
of  the  right  or  left  turns  in  the  flight  path. 

The  beam  footprint  and  the  maneuver  limit  are  straight  forward  representations  of  what  happens 
in  the  real  world  but  masking  is  not  so  amenable  to  geometric  representation.  The  hills  and  foliage  of 
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the  real  world  must  be  greatly  simplified  before  they  can  be  expressed  mathematically.  A  statistical 
model  featuring  Monte  Carlo  techniques  could  be  used,  but  a  deterministic  model  using  the  simplified  con¬ 
cepts  discussed  below  is  often  adequate. 


MANEUVER  LIMIT  DETERMINATION 


The  simplified  model  has  been  called  the  "Wall  Model."  The  earth  is  flat  and  the  LOC  is  a  channel 
betweon  parallel  walls  which  are  of  uniform  height.  Further,  to  simplify  the  geometry  it  is  assumed  that 
the  LOC  segment  upon  which  the  target  is  located  is  straight  though  it  nay  be  at  any  angle  to  the  flight 
path.  As  a  consequence,  the  envelope  of  points  at  which  the  target  cooes  into  view  of  the  aircraft  is  two 
parallel  lines  that  are  also  parallel  to  the  LOC  segment.  Between  these  parallel  lines  the  target  Is  un¬ 
obstructed  -  outside  of  the  lines  it  cannot  be  seen  (Figure  4).  This  may  not  be  immediately  obvious  but 
the  proof  is  simple. 

For  this  proof  let  the  target  be  a  point  on  the  centerline  of  the  LOC  (Figure  5): 


Let  h  ■  height  of  the  masking  obstacle. 

H  ■  Altitude  of  the  aircraft  above  fho  LOC. 
w  •  1/2  the  width  of  tho  LOC. 


N  -  horizontal  component  of  the  distance  between  the  aircraft  and  the  LOC. 

d  •  horizontal  component  of  the  distance  between  the  masking  obstacle  and  the  target 
measured  along  the  line  of  sight. 
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D  «  horitonval  component  at  the  line  of  sight  distant*  between  the  »irrr»*t  t'kd  tbe 
target. 

by  similar  triangle 

WDM 
w  "  J  ‘  S’ 

Thus  W  does  not  depend  upon  where  the  target  is  on  the  LOC  but  only  upon  *,  It,  h,  entf  this  pnnes  that 
the  masking  envelope  is  two  parallel  lines. 


MASKIN'; 

atvcLOP* 


Figure  6  shows  the  effect  on  tl*e-in-vt«w.  The  aircraft  approaches  a  route  along  a  given  flight 
path.  When  it  reaches  point  A,  the  intersection*  of  the  flight  path  and  the  (tasking  envelope,  the  entire 
WC  centerline  comes  into  view.  A  target  It  seen  tt  thi*  instant  at  point  7. .  As  the  aircraft  continues 
along  the  flight  peth  the  target  moves  relative  to  tb*  aircraft  along  a  liee  parslUl  to  th?  (light  path 
until  it  moves  out  of  radar  coverag*  at  point  T  .  (Of  course ,  T.  oust  bs  within  the  sensor  footprint  or 
the  target  is  not  seen  until  the  tat  get  has  mov+d  along  the  linoT’j  .  T#  to  *  point  inside  the  radar  beam). 

When  these  geometrical  details  sre  put  together,  the  results  are  typically  like  those  shown  In 
Figure  7.  The  tick  marks  on  the  horltontel  aals  at  the  bottom  of  the  Figure  represent  the  offsets  for 
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FIGURE  6 

TIHE-IH-VIW  DETERMINATION 


THE  liCTSCfJtfED  T/XW  ACQUISITION  MQOFX 

The  cverall  probability  at  target  acquisition  it  datmineJ  by  integrating  the  output  of  the  DOC 
sodcl  and  the  target  detection  and  Basking  node!.  As  shown  earlier,  tie  LOC  model  gives  the  fi-tquency  of 
octurienotfst  of  offset  and  crossing  angle  combinations  for  specific  roads  and  chosen  flltfit  paths.  A  table, 
tact,  aa  that  glean  by  Table  1  as  an  example,  can  be  prepared  which  gives  the  frequencies  of  all  possible 
coBbinotitm  of  offsets  and  crossing  angles.  Table  1  happens  to  be  data  taken  fro*  an  actual  route  end  a 
chests  flight  path  which  was  used  is  a  study 

One*  a  table  similar  to  Tabla  1  has  been  prepared,  e  target  detection  model  is  used  to  compute 
the  ^rt-f-ebilitie*  ci  detection  for  the  set  of  offset  and  crossing  angle  coBbinsfUms  for  corresponding 
value-i  ef  time •  In-viev.  The  probabilities  cf  detection  end  the  freqauKies  firm  ch«  IOC  are  coiibined  to 
give  Tit*  overall  probability  of  target  acquisition. 

?A  *  l  l  P(0*  .  8)  p  ►  .  i) 

where 

P^  «  probability  of  target  acquisition 

P  (W*  .  81  «  probability  of  detection,  given  a  so'  of  cur.dittr.ns  »,  tbc  crossing  angle,  and 
S,  the  offset  distance. 

p  f* ,  5j  A  the  probability  of  occurrence  of  the  conditions*  and  i. 
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FIGURE  7 

COMBINED  EFFECTS  OF  MASKING  AND  MANEUVER  LIMIT 


CONCLUDING  REMARKS 

The  capability  of  a  search  aircraft  to  detect  targets  located  on  the  ground  is  a  function  of  the 
tlme-in-vlew  of  the  target,  in  addition  to  the  physical  charactsristlcs  of  the  target  itself,  the  back¬ 
ground,  the  sensor,  and  the  atmospheric  conditions.  This  paper  has  concentrated  on  the  tine-in-view  con¬ 
sideration,  and  has  specifically  shown  how  the  geography  and  the  geometry  of  the  target,  relative  to  the 
search  aircraft,  can  be  analyzed  when  considering  targets  located  along  a  line  of  communication. 

Frequently  studies  of  target  detection  and  acquisition  assume  a  specified  time-in-view,  or  treat 
it  parametrically.  For  many  studies,  it  may  be  that  time-in-view  is  more  critical  than  the  performance  of 
the  sensor  systems  used.  If  such  be  the  case,  it  is  important  to  consider  the  geography  and  geometry  of 
the  situation,  as  we  have  done  here,  to  account  for  the  effect  of  masking  end  the  performance  capabilities 
of  the  search  aircraft. 
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TABLE  1 


TYPICAL  OFFSET/ CROSSING  ANGLE  PROBABILITY  MATRIX 


OFFSET  DISTANCE 
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APPENDIX  A 
PROCEDURE  FOR 

SELECTING  INITIAL  BREAK  POINTS  IN  FLIGHT  PATHS 


A  crude  method  for  establishing  the  initial  break  points  used  in  determining  the  "best”  flight 
path  is  described  here.  The  break  points  serve  only  as  starting  points  from  which  the  optimization  pro¬ 
gram  described  in  section  on  the  LOC  Model  begins  searching  for  the  best  break  point  locations.  That  pro¬ 
gram  will  determine  the  best  flight  path  for  the  number  of  joints  determined  b>  this  procedure.  Thus, 
while  the  exact  location  of  break  points  determined  here  is  not  important  in  determining  the  flight  path, 
the  number  of  joints  is 

The  procedure  begins  with  tracing  an  LOC  to  be  analyzed  from  US  Army  1:50, noc  scale  maps.  One 
mile  on  these  naps  is  represented  by  1.25  inches.  The  maps  are  traced  onto  paper  containing  a  linear 
coordinate  system  in  1/8  mile  units. 

The  ground  projection  for  the  sensor  field  of  view  to  be  analyzed  is  then  drawn  on  a  piece  of 
transparent  plastic  to  the  same  scale  as  the  trace  of  the  road.  All  areas  of  the  plastic  except  the 
field  of  view  projection  are  then  covered  with  a  non-transparent  materiel.  This  looks  as  shown  in  the 
figure  below. 


OPAQUE 


TRANSPARENT 


The  exact  size  and  shape  of  the  field  of  view  projection  depends  on  the  type  of  sensor  used,  the 
search  altitude  of  the  aircraft,  the  direction  in  which  the  sensor  is  pointing,  and  the  angular  width  and 
depth  of  the  field  of  view. 

The  numoer  and  approximate  location  of  break  points  are  then  determined  by  a  simulated  flight  of 
the  field  of  view  projection  (which  allows  only  that  portion  of  the  road  actually  covered  by  the  particular 
sensor  to  be  seen)  over  the  trace  of  the  LOC.  The  simulated  flight  consists  of  moving  the  transparent 
field  of  view  across  the  trace  of  the  LOC  at  the  appropriate  speed,  turning  when  necessary  to  keep  the  LOC 
in  view.  The  following  ground  rules  are  used  In  doing  this: 

a.  The  field  of  view  must  be  moved  over  the  LOC  in  a  series  of  straight  line  segments  connected 

by  curved  turns. 

b.  The  turns  must  approximate  the  turn  radius  of  the  aircraft  as  closely  as  possible. 

c.  The  field  of  view  must  be  moved  across  the  LOC  at  a  rate  appropriate  with  the  aircraft 

speed. 

d.  When  the  LOC  passes  a  certain  point  on  the  field  of  view  and  it  is  evident  that  it  will  soon 
pass  out  of  the  field  of  view,  a  turn  is  made  to  bring  the  LOC  back  into  the  center  of  the  field. 


/ 
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DISCUSSION 


Dr  Greening  (US) 

You  gave  the  impression  chat  the  computed  probability  had  a  sharp  maximum  at  a  value  around  160° 
to  the  line  of  connunicat ion ,  la  there  some  reason  for  that  kind  of  a  cusp  in  the  graph? 

Dr  Frick  (US) 

For  160°  crossing  angles  (that  is,  almost  go’ng  vertical  to  the  road)  offsets  were  very  small,  as 
you  say.  1  don't  know  why  that  should  be,  especially. 

This  optimization  procedure  doesn't  necessarily  give  a  global  optimum.  You  obtain  a  flight  route, 
plot  all  the  relevant  x,  y  values  as  explained  in  the  paper,  and  define  a  certain  road  segment.  Then  a 
regression  is  performed,  and  describes  the  break  points  of  Lost  segment.  You  repeat  this  for  several 
segments,  and  collect  those  points  which  tend  to  give  the  smallest  number  of  offsets  possible.  Then  a 
computer  routine  taking  account  of  the  sensor  'footprint'  counts  the  number  of  times  the  road  goes  out 
of  view,  given  that  flight  route.  By  fairly  arbitrary  iteration,  a  new  set  of  line  segments  is  defined 
and  tested  for  an  increase  or  not  in  the  number  of  times  out-of-view.  You  stop  this  rough  and  ready 
iteration  when  you  seem  to  have  a  good  solution  subjectively.  The  values  around  160°  could  be  due  to  the 
omission  of  a  set  of  segments  which  were  not  tested  but  could  have  been,  to  advantage. 

Mr  Clement  (Belgium) 

In  such  estimations,  based  on  linear  regressions,  what  kind  of  regression  should  be  taken,  I  on  X 
or  X  on  X,  specifically?  Could  you  jjstify  the  choice  which  has  been  made? 

Dr  Frick  (US) 

Perhaps  regression  techniques  aren't  even  advisable  at  all.  We  used  them  purely  for  expediency 
and  because  they  were  intuitively  appealing.  Perhaps  a  better  (but  longer)  method  would  be  to  find  a 
large  set  of  possible  flight  paths  and  compute  detection  probabilities  based,  as  1  showed  in  the  paper, 
on  crossing  angles  and  the  frequency  of  offset  distances.  Finally  you  would  choose  the  best  one,  and 
it  may  not  be  the  one  favoured  by  the  regression  method  I  described. 
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THE  EFFECTS  OF  BRIEFING  ON  TBI.EVISUAL  TARGET  ACQUISITION 


»>y 

K.  R.  Perkes 

Department  of  Ergonomics  and  Cybernetics 
University  of  Technology 
Loughborough 
Leica,  England 


SUMMARY 


Evidence  from  a  number  of  atudiea  indicate!  that  the  nature  of  the  briefing  information  available 
to  the  obaerver  hae  a  narked  effect  on  target  acquiaition  performance.  Low-level  forward  oblique  photo¬ 
graph!  of  the  target  and  lunounding  terrain  have  been  found  to  be  a  particularly  effective  form  of 
briefing  information,  but  auch  photograph!  may  not  alwayi  be  available.  In  the  experiment  reported  in 
thie  paper  an  evaluation  vaa  made  of  the  extent  to  which,  in  the  abaence  of  auitable  oblique  photographa, 
perspective  repraaentationa  of  the  carget  and  aurrounding  terrain,  derived  from  mapa,  facilitated  tele- 
viaual  ta -get  acquieition  performance.  The  ef fectiveneaa  of  theie  perspective  viewa,  uaed  aa  briefing 
materiel  in  addition  to  mapa,  wai  compared  with  that  of  mapa  uied  alone,  and  mapa  uied  together  with 
oblique  photographa.  The  reaulta  ahowed  that,  whilat  not  aa  effective  aa  oblique  photographa,  the 
perapective  viewa  brought  about  eome  improvement  in  performance  aa  compared  with  the  mapa  alone. 


1.  INTRODUCTION 

The  nature  of  the  briefing  information  available  to  the  aircrew  both  prior  to  and  during  a  high- 
apecd,  low-level  miaeion  ia  an  important  factor  determining  ita  aucceaa.  Thera  ia  evidence  that  both 
viaual  navigation  and  target  acquieition  performance  are  affected  by  the  quantity  and  quality  of  the 
briefing  materiala  provided.  For  inatance,  the  proportion  of  fixpointa  identified  during  high-apeed, 
low-level  navigation  rune  ha a  been  shown  to  depend  on  both  the  acala  of  the  map  usad  (1),  and  its 
content,  in  terms  of  the  proportions  of  different  typaa  of  faaturaa  shown  (2).  The  importance  of 
briefing  materiel!  ia  even  more  critical  in  relation  to  target  acquisition  taaka.  Whereas  it  ia  usually 
possible  to  select  ae  an  route  fixpointe  features  that  ara  likaly  to  ba  conspicuous  and  raadily  recognised, 
the  target  may  be  small,  partially  maakad  and  aituatad  in  cluttarad  tarrain.  Thus  it  ia  vital  that 
adaquete  information  ia  available  to  the  observer  ebout  the  eppcerence  of  the  terget,  end  thet  of  the 
aurrounding  terrain. 

The  basic  form  of  pre-mission  briefing  for  high-speed,  low-level  targr.  acquisition  tasks  ia  a  map 
or  chart  marked  with  the  planned  aircraft  track  and  Che  carget  position.  Various  typaa  of  puttographic 
briefing  material  showing  the  target  area  from  vertical  and/or  oblique  ’laving  angles  any  also  be  avail¬ 
able.  In  addition  to  these  forma  of  viaual  briefing  information,  verbal  descriptions  of  the  targe  and 
surrounding  terrain,  and  other  intelligence  information  may  be  provided.  Experimental  studies  have 
shown  that  at  the  amount  of  pre-mission  briefing  ebout  the  target  i*  increased  from  a  brief  verbal 
description,  to  detailed  cartographic  and  photographic  coverage  of  the  target  and  surrounding  area, 
acquiaition  performance  improves  (3,  4).  For  inatance,  Rueia  and  Rawlings  (3)  comps-. ad  five  briefing 
conditions  with  the  finding  thet  the  two  conditions  which  included  oblique  target  photographa  resulted 
in  significantly  batter  performance,  in  tanas  of  both  acquisition  probability  and  acquiaition  range,  than 
the  three  other  conditions  in  which  lover  levels  of  briefing  information,  not  including  oblique  photo¬ 
grapha,  were  provided.  A  further  raaulc  of  this  study  was  that  the  provision  of  vertical  photographa  in 
addition  to  oblique  photographs  did  not  isprove  performance  aa  compersd  with  oblique  photographs  alone. 

These  reaulta  indicate  that,  ae  would  be  expected,  the  more  closely  the  briefing  information  resembles 
the  actual  target  and  aurrounding  area  aa  seen  by  the  obaerver,  the  more  effective  it  is,  and  that  if  this 
optimum  information  (i.e.  oblique  photographa)  ia  available,  there  is  no  advantage  to  be  gained  from 
providing  additional,  leas  useful  information.  Oblique  photographa  provide  both  information  about  tba 
appearance  of  the  target  during  a  lo.-level  approach,  and  information  about  aurrounding  terrain  faaturaa 
and  their  epatial  relationship!  to  the  target.  Both  these  types  of  information  aid  the  obaerver  in 
acquiring  the  target.  Information  derived  iron  the  terrain  faaturaa  in  the  vicinity  of  the  target  reduces 
the  uncertainty  of  the  observer  as  to  the  target  position,  thus  reducing  the  area  that  mutt  be  searched  in 
order  to  locate  the  target,  end  influencing  setrch  patterns.  Information  about  the  appearance  of  the 
terget  itself  aids  detection  end  recognition  of  the  terget  within  the  search  area.  A  study  carried  out  by 
Jahne  (S)  suggests  that  briefing  requirements,  in  tarmi  of  these  two  types  of  information,  tend  to  inter¬ 
act  with  the  complexity  of  the  background  in  which  the  target  is  situated,  in  thet  performance  tor  con¬ 
spicuous  isolated  targets  appearad  to  be  highly  atnaitive  to  improvements  in  target  briefing,  whilat  those 
embedded  in  complex  backgrounds  ahowed  ralativaly  lass  improvement .  In  the  latter  case,  the  requirement 
seems  to  be  for  detailed  information  about  background  features  to  enable  the  obeervar  to  make  maximum  use 
of  contextual  clues. 

The  important  role  played  by  terrain  features  in  the  vicioity  of  the  target  in  providing  clues  to 
target  position  is  also  indicated  by  work  carried  out  by  Ltporte  and  Calhoun  (6).  They  analysed  tbe  clues 
reported  by  subjects  aa  important  in  leading  to  target  designation,  with  tba  finding  that  for  moat  of  tha 
targets  studied  non-target  clues  were  more  important  to  successful  recognition  then  were  terget  clues. 

More  recently,  Mitchell  (7)  has  identified  three  components  of  major  subjective  importance  in  visual 
acquisition  taaka:  (i)  whather  or  not  tha  target  has  visual  prominancc  against  ita  background: 

(ii)  whather  the  target  ie  in  e  helpful  built-up  environment  or  e  simple  environment;  end  (iii)  whether 
or  not  there  are  mapped  identification  features  around  the  target  to  aid  acquiaition.  Again  these  com¬ 
ponents  indicate  the  importance  of  the  target  background  and  the  cues  it  provides. 
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The  studies  outlined  above  suggest  that  for  maximum  effectiveness  the  briefing  material  provided 
should  enable  che  observer  to  accurately  visualise  the  main  terrain  features  in  the  vicinity  of  the  target 
and  their  spatial  relationships  to  each  other,  and  to  the  target,  as  seen  obliquely  during  a  low-level 
approach.  This  can  be  achieved  by  providing  the  observer  with  at  least  one  low-level  oblique  photograph 
taken  from  a  sufficient  range  to  show  the  target  and  the  features  leading  up  to  it.  Ideally,  altitude  and, 
particularly,  approach  direction  should  correspond  closely  to  those  of  the  actual  mission.  In  view  of  the 
difficulty  of  cbtaining  such  photographs  for  targets  situated  in  hostile  territory,  suitable  oblique 
imagery  may  not  be  available.  In  such  case6  the  observer  must  work  out  for  himself  from  other  briefing 
information  the  apparent  shapes  and  sizes  of  features,  and  their  spatial  relationships,  when  seen  obliquely 
from  a  particular  approach  direction,  in  order  to  visualise  how  the  target  area  will  look  during  the 
approach.  Data  reported  by  McGrath  and  Borden  (8)  suggests  that  the  ability  of  aircrew  to  accurately 
visualise  oblique  views  from  maps  is  limited.  Possible  reasons  for  this  difficulty  are  (i)  the  inadequacy 
of  the  information  given  on  the  map,  for  instance,  tones,  textures,  lighting  effects  and  seasonal  changes 
cannot  be  represented,  although  they  markedly  affect  the  appearance  of  the  terrain;  and  (ii)  the  difficulty 
Of  mentally  making  the  appropriate  perspective  tranaf  onnationa . 

Evidence  that  the  second  of  these  factors  contributes  to  the 'problems  of  low-level  target  acquisition 
comes  from  a  study  reported  by  Hagen,  Larue  and  Ozkaptan  (9).  They  found  that  specialised  training  in 
perspective  geometry  significantly  improved  the  performance  of  subjects  carrying  out  a  televisual  target 
acquisition  task,  as  compared  with  subjects  who  received  only  standard  training.  The  subjects  given  the 
specialised  training  were  able  to  designate  the  correct  target  area  with  a ^eignif icantly  higher  success 
rate,  and  in  significantly  shorter  times.  A  different  approach  was  adopted  by  the  present  author  (10), 
who  investigated  whether,  in  the  absence  of  oblique  photographs,  perspective  views  prepared  from  maps  to 
show  accurately  the  spatial  relationships  between  the  target  and  surrounding  features  as  seen  from  the 
appropriate  oblique  viewing  angle  would  facilitate  target  acquisition.  Under  television  viewing  conditions, 
such  as  those  encountered  with  television-guided  missiles,  the  camera  field  ot  view  and  the  depression  angle 
of  the  optical  axis  of  camera  lens  are  fixed,  and  thus  it  is  possible  to  prepare  accurate  perspective  views 
appropriate  to  any  specified  altitude,  range  and  approach  direction,  which  correspond  closely  in  terms  of 
the  apparent  6hapes  and  sizes  of  features  and  the  spatial  relationships  between  them,  and  in  terrain  masking 
effects,  to  the  television  view  relayed  back  by  the  TV  camera  as  the  missile  approaches  the  target.  Whilst 
wore  sophisticated  techniques  could  be  used  to  generate  these  perspective  views,  for  the  purposes  of  this 
experiment  it  was  convenient  to  prepare  them  by  hand,  transferring  features  from  a  plan  view  grid  to  the 
corresponding  positions  on  the  appropriate  perspective  grid  to  produce  a  master  drawings  (11). 

Two  types  of  briefing  material  were  prepared  from  these  master  drawings,  in  each  case  using  only  the 
information  available  on  a  l”  :  1  mile  (1  :  63,360)  Ordnance  Survey  map  marked  with  the  approach  track  and 
target  position.  For  one  type,  designated  ’drawings’,  a  freehand  technique  was  used  and  for  the  Other, 
designated  'diagrams',  commercial  shading  materials  together  with  standardised  lines  were  used.  The  former 
allowed  a  greater  degree  o£  realism  to  be  obtained,  while  the  latter  allowed  mere  rigorous  standardisation. 
The  results  of  this  experiment  indicated  that  both  types  of  oblique  representation,  used  in  addition  to  the 
map,  significantly  improved  acquisition  performance  as  compared  with  the  condition  in  which  only  the  map 
was  provided,  there  being  no  significant  difference  between  the  drawings  and  diagrams.  Thus  the  provision 
of  map  information  in  an  oblique  form,  corresponding  more  closely  to  how  the  terrain  actually  appears, 
would  seem  to  be  of  some  value,  although  as  would  be  expected,  the  performance  improvement  observed  was  not 
as  great  as  that  occurring  uhen  oblique  photographs  were  used  as  briefing.  Some  examples  of  briefing 
materials  used  in  this  experiment  are  shown  in  Figure  1. 

The  experiment  outlined  above  was  carried  out  under  static  simulation  conditions,  in  which  still 
photographs  taken  at  four  discrete  ranges  from  the  targets  were  used  to  simulate  the  television  display. 
Furthermore,  the  subjects  who  took  part  were  students  specifically  trained  to  do  the  experimental  task, 
ratner  than  skilled  aircrew.  It  was,  therefore,  of  interest  to  determine  whether,  using  a  more  realistic 
dynamic  simulation  technique,  end  R.A.F.  aircrew  r.e  subjects,  the  provision  of  oblique  perspective  views 
as  briefing  material  in  addition  to  maps,  would  facilitate  target  acquisition  performance  and,  if  so,  to 
what  extent  as  compared  with  the  corresponding  oblique  photographs.  This  was  the  main  purpose  of  the 
experiment  described  below. 


2.  EXPERIMENTAL  CONDITIONS 


In  this  experiment  the  effect  on  televisual  target  acquisition  performance  of  oblique  perspective 
views  prepared  frem  jM  maps  was  evaluated,  in  addition  to  that  of  the  similar,  but  more  detailed,  views 
prepared  from  1"  s  1  mile  (l  :  63,360)  maps,  as  used  previously.  Since  no  significant  differences  had 
been  found  between  the  effects  of  the  drawings  and  the  diagrams,  only  diagrams  were  used  in  the  present 
experiment.  They  were  designated  {M  diagrams  and  1”  diagrams  according  to  the  scale  of  map  used  in  pre¬ 
paring  them.  The  ranges  ^t  which  the  target  was  shown  in  the  oblique  views,  2  miles  (3.2  Km)  and  4  miles 
(6.4  Km)  were  the  same  as  those  used  previously.  For  comparison  purposes,  conditions  in  which  only  the 
corresponding  maps  were  provided  were  tested,  together  with  two  conditions  in  which  oblique  photographs 
were  used.  Whilst  it  would  have  been  desirable  to  have  included  vertical  photographs  in  the  series  of 
briefing  materials  tested,  this  was  not  possible  as  no  suitable  photographs  were  available. 


For  route  briefing  JM  map  sections  marked  with  the  track, 
condition.  Brief  verbal  descriptions  of  the  targets  were  also 
materials  used  under  the  seven  experimental  conditions  were  as 


and  the  target  position  were  used  under  each 
provided  under  each  condition.  Briefing 
follows: 
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The  two  photographs  conditions  differed  in  that  in  one  case  the  photographs  corresponded  very  closely 
to  the  equivalent  f Hod  frames  in  the  simulation,  whereas  in  the  other  case  they  were  slightly  off-set,  as 
described  below.  The  sixteen  targets  used  to  test  these  briefing  conditions  included  bridges,  rail 
junctions,  roundabouts,  buildings  and  similar  features.  The  following  experimental  conditions  were  fixed 
throughout  the  experiment: 

Altitude:  2000  ft.  (610  m) 

Speed:  430  knots  (POO  Km/Hr)  (average) 

Camera  field  of  view:  20°  (horizontally)  x  15°  (vertically) 

Camera  depreaaion  angle:  6j° 

Range  at  Lower  edge  of  display:  1J  n.m.  (2.8  Km)  (approx.) 

Display  sire;  6"  x  (15.2  x  11.4  cms.)  N 

Viewing  distance:  17**  (43.2  cms.),  giving  real-world  viewing  angles 
Length  of  routes:  16-32  n.m.  (30-60  Km) 

Type  of  terrain:  Midlands  and  Southern  England 


PREPARATION  OF  BRIEFING  MATERIALS 


Standard  Ordnance  Survey  maps  were  used.  The  1M  map  sections  used  for  route  briefing  under  each  of 
the  experimental  conditions  covered  approximately  6  miles  (9.7  Km)  of  terrain  on  either  side  of  the  marked 
track,  and  several  miles  beyond  the  target.  The  1"  :  1  mile  (1  :  63,360)  map  sections  used  as  additional 

briefing  material  in  two  of  the  conditions  showed  the  final  5  miles  (8.1  Km)  to  the  target  and  2  miles 

(3.2  Km)  beyond,  and  were  also  marked  with  the  track  and  the  target  position. 

(ii)  Diagram* 

The  oblique  diagrams  were  prepared  to  correspond  vi,.h  the  altitude,  camera  field  of  view  and 
depression  aogle  used  in  the  simulation.  The  specialist  responsible  for  preparing  the  diagrams  was  given 

these  data  together  with  map  sections  marked  with  the  approach  track  and  target  position,  and  a  brief 

verbal  description  of  the  target.  A  transparent  grid  was  placed  over  the  map  and  the  terrain  features 
within  the  field  of  view  transferred  to  the  appropriate  oblique  perspective  grid,  as  in  the  previous  wnrk. 
The  set  of  diagrams  prepared  from  the  JM  scale  maps  was  completed  before  work  on  the  1"  series  was  started 
so  as  to  avoid  any  of  the  more  detailed  information  available  on  the  larger  scale  maps  influencing  the 
preparation  of  the  |M  diagrams.  In  the  preparation  of  the  JM  diagrams  some  difficulties  were  encountered 
owing  to  the  very  small  area  of  map  from  which  the  diagrams  had  to  be  produced.  In  particular,  very 
little  detail  was  available,  and  since  line  features  have  to  be  shown  much  wider  on  the  map  than  they  are 
in  practice,  there  was  some  uncertainty  as  to  their  exact  position.  For  each  target  oblique  diagrams 

showing  the  target  and  surrounding  terrain  as  it  would  appear  from  the  two  specified  ranges  were  prepared 

from  both  |M  and  1"  :  l  mile  (l  :  63,360)  maps.  A  code  sheet  indicating  how  different  types  of  features, 
woodland,  built-up  areas,  railways,  motorways,  roads,  areas  of  water,  etc.  were  represented  in  the  diagrams 
was  also  produced. 

(iii)  Photographs 

The  photographs  used  as  briefing  material  were  reprinted  fro*  forward  oblique  photographs  taken  at 
the  same  time  as  the  cine-film  used  in  the  simulation  was  obtained.  They  shoved  the  target  area  as  seen 

from  ranges  of  two  and  four  miles  with  the  same  field  of  view  as  the  cine-film.  The  'on-track*  photographs 

were  printed  so  that  they  corresponded  closely  with  equivalent  film-frames  and  in  most  cases  the  target 
was  approximately  central.  The  'off-set*  photographs  showed  a  view  which  was  off-set  from  the  equivalent 
film-frame  by  a  constant  amount,  the  maximum  possible  using  the  photographs  available.  In  practice,  this 
was  relatively  small  and  the  difference  betv^en  the  on-track  and  off-set  photographs  was  not  great. 


4.  METHOD 


42  R.A.F.  pilots  and  navigators  took  part  ir  main  experiment.  All  had  extensive  experience  of 
high-speed,  low-level  flight,  although  none  had  experience  ot  televisual  navigation  and  target  acquisition 
tasks.  Background  information  including  age,  flying  hours  and  scores  on  Heim's  AH5  intelligence  test  were 
recorded  for  each  subject.  Six  subjects  were  tandomly  assigned  tt  each  of  the  seven  experimental  conditions. 
In  addition,  six  unskilled  subjects  (students)  were  tested  under  tie  basic  briefing  condition  (iM  map  only) 
for  comparison  purposes.  / 


The  television  display  was  simulated  by  means  of  cine-film  from  the  film  library  rr°duced  by  the 
British  Aircraft  Corporation.  These  films  were  rear-projected  at  a  speed  of  16  frames/ second  using  a 
LW  Analysing  Projector.  The  display  appeared  on  a  small  screen  set  into  the  subject's  console.  Viewing 
distance  was  fixed  by  means  of  a  chin-rest.  Provision  was  made  for  the  positioning  of  briefing  materials, 
appropriately  illuminated,  and  for  the  necessary  response  buttons.  The  subj*.:t's  console  was  screened  off 
from  the  remainder  of  the  experimental  area. 

(iii)  Procedure 

Subjects  were  tested  in  pairs,  but  each  worked  entirely  independently.  The  purpose  of  the  experiment, 
the  nature  of  the  experimental  task  and  the  procedure  involved  were  explained  in  written  instructions. 

Before  carrying  out  the  test  runs,  the  subjects  were  given  four  runs  for  training  purposes,  the  first 
simulation  film  being  seen  twice  with  guidance  frem  the  experimenter,  if  necessary.  Whilst  it  had  initially 
been  intended  to  use  eight  runs  for  training  purposes,  it  was  found  that  this  was  unnecessary,  and  the  final 
four  of  these  runs  were  included  in  the  test  sequences  giving  16  test  targets.  Prior  to  each  run  the 
subject  was  allowed  as  long  as  he  wished  to  study  the  briefing  materials  provided.  The  time  required  was 
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typically  3-10  minutes.  Having  atudied  the  briefing  materials  he  van  asked  to  complete  the  first  part  of 
a  questionnaire,  indicating  on  a  ranking  scale  how  difficult  he  expected  to  find  (a)  navigating  along  the 
route,  (b)  locating  the  target  area  and  (c)  identifying  the  target.  As  part  of  a  separate  study  (nor 
reported  in  this  paper)  concerned  with  the  selection  and  use  of  en  route  fixpointa  for  navigation  purposes, 
he  was  also  asked  co  record  his  chosen  fixpoints  for  the  particular  route. 

During  oach  simulation  run  the  subject  was  required  to  navigate  visually  along  the  route,  to  indicate 
che  location  of  the  target  area  as  soon  as  he  was  able,  and  subsequently  to  positively  identify  the  target 
itself.  Correct  responses,  omissive  and  consuls*  ive  errors  verc  recorded  for  locating  the  target  area  and 
for  identifying  the  target,  together  with  the  corresponding  ranges,  determined  from  the  frame-count.  At 
the  positive  identification  stage  the  film  was  stopped  for  s  few  seconds  to  enable  the  designation  to  be 
checked  end  the  frame  count  accurately  recorded.  It  re-startsd  automatically,  and  ran  until  s  fixed  tsnge 
of  10,000  ft.  (3.05  Km)  from  the  target  was  reached.  At  this  point,  at  which  moat  of  the  targets  were  on 
the  verge  of  disappearing  from  the  lower  edge  of  the  display,  the  experimenter  stopped  the  film  and  the 
subject  again  designated  the  target.  Having  completed  the  run  the  subject  filled  in  the  second  part  of  tne 
questionnaire,  which  was  mainly  concerned  with  the  use  of  fixpointa,  but  also  asked  him  to  record  how 
difficult  he  had  found  navigating  along  the  route,  locating  the  target  area  and  identifying  the  target 
using  the  same  three-point  rating  scale  as  in  the  first  part  of  the  questionnaire. 


5.  RESULTS 


A  large  amount  of  data  was  obtained  in  this  experiment  and  only  an  outline  of  the  main  results  run  be 
presented  here.  The  primary  emphasis  is  on  the  effects  of  the  briefing  conditions  tested,  particularly  on 
positive  identification  of  the  target,  since  this  was  the  main  concern  of  the  experiment  bur  other  aspects 
of  performance  are  also  considered. 

(i)  Target  area  designation 

Analysis  of  variance  carried  out  on  the  target  area  data  indicated  that  the  effect  of  the  seven 
briefing  conditions  on  the  probability  of  correct  target  area  designation  was  non-significant,  but  the 
effecc  of  target  differences  was  highly  significant,  as  shown  in  Table  1. 

TABLE  1 

Analysis  of  variance  on  target  area  designations 


Source 

D.F. 

S.S. 

H.S. 

F 

P 

Between  subjects 

41 

12.19 

0.30 

B.iefing  conditions  (C) 

6 

2.19 

0.37 

1.28 

N.S. 

Residual 

35 

10.00 

0.29 

Wichin  subjects 

630 

113.31 

0.18 

Targets  (T) 

15 

11.38 

0.76 

4.49 

<0.001 

T  x  C 

90 

13.10 

0.15 

- 

N.S. 

Residual 

525 

88.84 

0.17 

TOTAL 

671 

125.50 

The  overall  probability  of  correct  target  area  designation  was  0.75,  the  means  for  individual  targets 
varying  from  0.55  to  0.98.  Since  the  overall  mean  range  of  Carget  area  designation  was  26.000  ft.  (8.1  Kms) 
this  variation  must  have  been  very  largely  due  to  differences  in  the  final  approach  routes  and  lead-in 
features,  rather  than  differences  in  the  targets  themselves.  Standard  analysis  of  variance  techniques 
could  not  be  used  on  the  range  data,  as  the  omissive  errors  gave  rise  to  missing  values.  However,  it 
appeared  that  the  provision  of  additional  briefing  materials  did  not  increase  the  ranges  at  which  target 
areas  were  designated,  and  in  the  case  of  che  diagrams  conditions  tended  to  reduce  them. 

(ii)  Positive  identification  of  target 

An  analysis  of  variance  was  carried  out  on  the  correct  identifications  obtained  under  the  seven 


experimental  conditions, 
were  significant,  as  was 

TABLE  2 

Analysis  of  variance  on 

As 

the 

the 

shown  in  Table  2,  Che  effects  of 
interaction  between  them. 

positive  identification  data 

briefing 

conditions  and 

carget  differences 

Source 

D.F. 

S.S. 

H.S. 

F 

P 

Between  subjects 

41 

13.25 

Briefing  conditions  (C) 

6 

4.12 

0.69 

2.63 

<0.05 

Residual 

35 

9.13 

0.26 

Within  subjects 

630 

144.75 

0.23 

Targets  (T) 

15 

32.95 

2.20 

14.54 

<0.001 

T  x  C 

90 

31.93 

0.36 

2.34 

<0.001 

Residual 

525 

79.87 

0.15 

TOTAL 

671 

158.00 

A  similar  analysis  carried  out  on  the  commissive  error  data  showed  chat  briefing  conditions  did  not 
have  a  significant  effect  on  commissive  errors  but  target  effects,  and  the  targets  x  conditions  interaction, 
were  significant.  The  overall  probabilities  of  correct  identification  for  each  of  the  briefing  conditions 
are  shown  in  Table  3. 


1)13-6 


TABLE  3 

Probabilities  of  correct  positive  identif ication  and  coiimies.'.vt  errors  for  the  seven  briefing  conditions 


Briefing  conditions 


Probability  of  correct 
identif icttion 


Probability  of 
coamisaiva  error 


(1) '  (M  route  map  only 

(2)  |M  route  map  *  1"  map  section 

(3)  (M  route  map  *  1M  diagram 

(4)  (M  route  map  ♦  1"  diagram 

(5)  tM  route  map  ♦  1"  map  +  1"  diagram 

(6)  (M  route  map  ♦  'offset'  photographs 

(7)  1M  toute  map  ♦  ’ontrack1  photographs 


0.55 

0.20 

0.50 

0.20 

0.61 

0. 18 

0,65 

0.25 

0.60 

0. 19 

0.75 

0.19 

0.60 

0.18 

On  the  basis  of  the  a  priori  hypotheses  that  oblique  views  would  facilitate  performance  aa  compared 
with  the  map  conditions,  that  the  increase  in  detail  associated  with  increase  in  the  scale  of  the  map 
would  improve  performance,  and  that  oblique  photographs  would  be  superior  to  other  forms  of  briefing. 
Student's  t  was  used  to  tesr  the  significance  of  the  differences  between  these  conditions.  Differences 
had  to  exceed  0.17  to  reach  the  0,01  significance  level  and  0.12  for  the  0.05  level.  Comparisons  showed 
that  both  photographs  conditions,  (6)  and  (7),  were  significantly  better  then  both  maps  conditions,  ()) 
and  (2),  condition  (6)  also  being  significantly  better  than  condition  (5).  in  addition,  the  1"  diagrams 
condition  (4)  was  significantly  better  than  the  1"  map  condition  (2).  To  obtain  a  clearer  picture  of  the 
results  the  seven  conditions  were  combined  to  give  three  briefing  types,  those  in  which  only  maps  were 
used,  those  in  which  diagrams  were  used  and  chose  in  which  photographs  were  used.  The  data  obtained  are 
shown  in  Tablo  4. 


TABLE  4 

Positive  identification  for  maps,  diagrams  and  photographs  brieiing  types 
Briefing  types  Probability  of  positive  identification 

Maps  (l)  (2)  0.53 

Diagrams  (3)  (4)  (5)  0.62 

Photographs  (6)  (7)  0.72 

Comparisons  between  the  correct  identification  probabilities  given  in  Table  3  showed  that  differences 
between  mips  and  diagrams,  and  the  diagrams  and  photographs,  were  significant  at  Lhe  0.05  level,  and  the 
difference  between  map9  and  photographe  at  the  0.01  le- el ,  again  using  Student's  t  test.  As  can  be  seen 
in  Table  3,  there  was  very  little  ditfereite  between  tna  levels  of  commissive  errors  associated  with  each 
of  the  three  types  of  briefing.  The  overall  effects  of  map  scale  were  assessed  by  determining  the  combined 
means  of  conditions  (1)  and  (3),  which  used  briefing  information  derived  only  from  iM  mapa,  and  conditions 
(2)  (4)  and  (5),  which  involved  Che  additional  provision  of  information  from  1"  :  1  mile  (1  :  63,360)  maps. 
The  correct  identification  probabilities  for  these  two  combined  conditions  were  equal  (0.58)  indicating  chat 
the  greater  amount  of  detail  associated  with  the  larger  scale  maps  and  the  diagrams  prepared  from  them  did 
not  affect  performance. 

As  shown  in  Table  2,  the  effect  of  target  differences  on  positive  identification  probabilities  was 
highly  significant.  Mean  value]  for  individual  targets  varied  from  0.21  to  0.88.  However,  of  greater 
interest  from  the  point  of  view  of  this  study  was  the  significant  interaction  between  targets  and  briefing 
conditions.  Examination  of  the  data  showed  that  there  were  eight  targets  for  which  individual  identification 
probabilities  were  particularly  low  «0,50)  when  only  map  briefing  was  provided.  For  thia  group  of  targecs 
additional  briefing,  in  the  form  of  cither  diagrams  or  photogrsphs  tended  to  bring  about  a  substantial 
improvement  in  performance.  For  the  remaining  targets  performance  was  relatively  good,  and  waa  not  affected 
by  the  provision  of  diagrams,  and  only  slightly  improved  by  the  provision  of  photographs. 

The  mean  ranges  ac  which  correct  positive  identifications  were  made  were  14,165  feet  <4.3  Kms), 

14100  feet  (4.3  Kms)  and  16560  feet  (5.0  Kms)  for  the  maps,  diagrams  and  photographs  conditions  respectively. 
The  cumulative  probability  curves,  illustrated  in  Figure  2,  clearly  show  the  marked  improvement  in  range 
brought  about  by  the  photographs,  whereas  the  cumulative  curve  for  the  diagrams  condition  is  only  marginally 
different  from  that  for  maps  except  at  short  ranges. 


Probability  of 
commissive  error 

0.20 

0.21 

0.19 


(iii)  Target  identification  at  10,000  ft.  range 

At  a  fixed  range  of  10,000  ft.  (3.05  Kms),  shortly  before  the  targets  disappeared  from  the  lower  edge 
of  the  display,  the  subjects  again  designated  the  target.  As  for  the  positive  identification  data,  an 
analysis  of  variance  was  carried  out  on  the  correct  designations  and  in  this  cate  briefing  conditions, 
targets  and  the  interaction  between  these  factors  were  all  highly  significant  (pi  0.001).  The  mean 
probabilities  of  correct  designation  and  commissive  errors  associated  with  each  of  the  three  types  of 
briefing  are  shown  in  Table  5. 


TABLE  5 


Correct  identification  and  conmissive  error  probabilitiet  at  10,000  ft.  range 


Briefing  type 

Maps  (1)  (2) 

Diagrams  (3)  (4)  (5) 
Photographs  (6)  (7) 


Probability  of  correct 
identification 

0.  78 
0.86 
0.91 


Probability  of 
commissive  error 

0.12 

0.08 

0.05 


It  can  be  seen  that  differences  between  the  correct  identification  probabilities,  although  statistically 
significant,  are  relatively  small  at  this  short  range. 
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(iv)  Comparison  of  skilled  and  unskilled  subjects 

The  performance  of  che  six  skilled  subjects  assigned  to  the  JM  map  only  condition  was  compared  with 
that  of  six  unskilled  subjects  (students)  tested  under  the  same  briefing  condition.  The  results  showed 
that  in  terms  of  the  probability  of  correct  identification  there  was  very  little  difference  between  the 
two  groups,  the  corresponding  values  being  0.55  for  the  skilled  group  and  0.53  for  the  unskilled.  However, 
Che  unskilled  subjects  tended  to  make  positive  identifications  at  a  shorter  range,  on  average  approximately 
1000  ft.  (305  m)  closer  to  the  target.  The  difference  between  the  two  groups  was  much  more  marked  in  terms 
of  the  probability  and  range  of  correct  target  area  designation,  in  this  case  the  skilled  subjects  showing 
substantially  higher  success  rates  and  longer  ranges. 

(v)  Individual  differences 

Tests  were  carried  out  to  determine  whether  an  individual’s  performance  was  relaced  to  hia  age, 
flying  hours  or  scores  on  Heim's  AH5  test  but  no  significant  correlations  were  found. 

(vi)  Subjective  assessments  of  task  difficulty 

In  general,  the  subjects'  responses  to  the  questionnaire  items  asking  them  to  race,  on  the  basis  of 
Che  briefing  information  provided,  che  difficulty  of  locating  the  target  ares,  and  of  identifying  the 
target  itaclf  correlated  well  with  their  measured  performance,  and  with  the  further  assessments  made  by 
the  subjects  after  che  simulated  run.  For  instance,  the  subjective  assessments  of  the  difficulty  of 
locating  the  target  area,  made  with  reference  to  the  briefing  information,  correlated  highly  with  the 
proportion  of  correct  designations  made  (p <0.005),  and  a  similar  correlation  was  observed  between  the 
expected  difficulty  of  identifying  the  target  and  the  proportion  of  correct  positive  identifications. 

Thus  it  appeared  that,  in  general,  subjects  were  able  to  make  valid  predictions  of  Che  difficulty  of 
target  area  location  and  positive  identification  from  the  briefing  oscerials  provided.  However,  there 
was  no  evidence  that  che  provision  of  additional  briefing  materials,  diagrams  or  photographs,  increased 
the  accuracy  of  these  predictions,  as  compared  with  those  made  solely  on  the  basis  of  map  information. 


6.  DISCUSSION 


The  results  of  this  experiment  confirm  the  findings  of  previous  studies  that  the  use  of  oblique 
photographs  of  the  target  and  surrounding  area  as  briefing  material,  in  addition  to  standard  maps  and 
target  descriptions,  significantly  improves  target  acquisition  performance  as  compared  with  chat  obtained 
when  such  phutogrsphs  are  not  available.  As  far  as  can  be  judged,  the  magnitude  of  the  effect  in  terms  of 
both  probability  and  range  of  positive  identification,  was  in  general  agreement  with  that  reported  from 
other  studies.  However,  the  main  purpose  of  the  present  experiment  was  to  determine  whether,  in  the 
absence  of  suitable  oblique  photographs,  target  sequiaition  performance  could  be  aided  by  the  provision 
of  oblique  views  derived  from  maps.  Televisual  target  acquisition  tasks  would  appear  to  lend  chemaelves 
particularly  well  to  this  form  of  aiu,  since  field  of  view  and  camera  depression  angle  are  fixed,  and 
altitude  varies  only  within  relatively  narrow  limits.  Thus  oblique  views  can  be  generated  from  maps  or 
other  sources  such  as  vercical  photographs,  to  correspond  to  the  television  display  at  specified  ranges, 
providing  the  direction  of  the  approach  track  it  known.  The  results  obtained  in  this  experiment  showed 
that,  in  general,  the  provision  of  such  diagrams  improved  the  overall  probability  of  positive  identification, 
as  compared  with  conditions  in  which  only  the  corresponding  maps  were  provided.  The  overall  effect  was 
significant,  and  of  a  magnitude  about  half  as  great  as  that  due  to  oblique  photographs.  However,  whereas 
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the  latter  had  also  brought  about  a  considerable  improvement  in  range  of  correct  identification,  the  diagrams 
did  not.  The  overall  mean  range  at  which  identification  occurred  under  the  diagram  conditiona  was  effectively 
the  same  as  that  under  the  map  conditions.  Examination  of  the  cumulative  probability  curves  showed  that  the 
improvement  in  identification  probability  occurred  almost  entirely  at  ranges  of  10,000-12,000  ft.  (3. OS  Kms 
to  3.67  Kms).  These  ranges  were  the  ones  at  which  the  2  mile  (3.2  Kms)  briefing  diagram  would  correspond 
most  closely  to  the  simulated  TV  display.  There  was,  however,  little  sign  of  a  similar  effect  for  the  4  mile 
(6,4  Kms)  briefing  diagram,  which  was  outside  the  maximum  identification  range  for  moot  targets. 

The  failure  of  the  diagrams  to  bring  about  improvement  in  identification  range  may  have  been  due,  at 
least  in  part,  to  the  fact  that  the  briefing  ranges  chosen  were  inappropriate  for  the  targets  studied  in 
this  experiment.  The  4  mile  briefing  diagram  was  at  too  short  a  range  to  affect  target  area  designation, 
(which  occurred  on  average  at  about  5  miles  range)  and  too  long  to  have  much  effect  on  positive,  identifi¬ 
cation  of  the  target.  The  2  mile  briefing  diagram  only  affected  performance  for  targets  which  would  other¬ 
wise  not  have  been  identified,  or  which  were  identified  only  at  very  short  ranges.  It  is  possible  that 
diagrams  showing  the  target  and  lead-in  features  from  longer  ranges,  say,  3  miles  and  6  miles,  would  have 
been  core  effective  in  improving  performance,  particularly  range  of  identification,  chan  those  used  in  this 
experiment . 

Since  the  diagrams  were  derived  solely  from  the  information  on  the  maps,  any  effect  on  performance  must 
have  been  due  to  the  presentation  of  this  information  in  an  oblique  form,  facilitating  clie  uae  of  background 
features  as  clues  to  target  position.  This  type  of  presentation  appears  to  have  been  valuable  in  improving 
identification  of  the  eight  targets  for  which  identification  probability  was  very  low  (<0.50)  when  only 
map  briefing  was  provided.  It  is  likely,  therefore,  that  for  these  targets  the  use  of  contextual  clues  was 
an  important  factor  leading  to  location  and  subsequent  identification  of  the  target*  For  the  remaining 
eight  targets  performance  was  relatively  good  under  all  conditions,  and  the  provision  of  diagrams  did  not 
aid  identification  as  compared  with  the  corresponding  map  conditions.  Most  of  these  targets  were  relatively 
conspicuous,  and  consequently  there  would  be  les6  need  for  the  observer  to  rely  on  background  clues,  and 
less  value  in  the  use  of  briefing  diagrams,  particularly  as  they  provided  very  little  information  about  Che 

appearance  of  the  target  itself.  It  is  of  interest  to  note  that  there  was  no  evidence  that  the  briefing 

diagrams  led  to  any  increase  in  commissive  errors,  as  could  have  occurred  if  they  had  proved  to  be  misleading. 

The  superiority  of  oblique  photographs  as  briefing  materia1.,  particularly  in  improving  identification 
range,  was  clearly  demonstrated  in  this  experiment.  This  superiority  can  be  ascribed  to  the  detailed 
information  the  photographs  provide  about  the  appearance  of  the  target  itself,  about  vegetation  patterns 

and  masking  effects,  and  the  general  shades  and  textures  of  the  terrain,  which  form  a  complex  background  to 

the  target.  In  the  present  experiment,  the  effectiveness  of  the  photographs  was  accentuated  by  the  fact 
that  they  were  taken  at  the  same  time  as  the  cine-film  used  in  the  simulation.  Thus  they  corresponded  very 
closely  to  the  simulated  TV  display,  not  only  in  altitude  and  direction  of  approach,  but  also  in  lighting 
conditions  and  cloud  shadows,  which  had  a  marked  effect  on  the  appearance  of  the  terrain.  In  addition,  the 
photographs  u9ed  in  the  present  experiment  were  of  a  higher  quality  then  such  photographs  would  normally  he 
under  operational  conditions.  Fur  these  reasons  the  data  obtained  in  this  experiment  may  well  have  exag¬ 
gerated  the  effectiveness  of  the  photographs,  in  relation  to  the  other  forms  of  briefing  tested,  as  compared 
with  that  achievable  in  practice. 

One  way  in  which  the  effectiveness  of  the  diagrams  could  be  improved  to  approach  more  closely  that  of 
oblique  photographs,  would  be  by  including  information  derived  from  high-altitude  vertical  photographs  of 
the  target  and  surrounding  area,  and  other  intelligence  information.  This  would  allow  more  detailed 
representation  of  the  target  itself,  and  of  vegetation  patterns  and  masking  effects,  than  can  be  derived 
solely  from  maps.  In  particular,  the  limited  amount  of  detail  shown  on  |M  maps  ia  not  usually  sufficient 
to  allow  realistic  oblique  views  to  be  prepared,  and  additions!  information  from  other  sources  would  make 
these  representations  more  effective.  In  addition,  as  discussed  previously,  appropriate  briefing  ranges 
must  be  chosen  with  reference  to  the  characteristics  of  the  viewing  system  and  the  nature  of  the  targets 
concerned.  Finally  it  should  be  noted  that  if,  as  it  appears  from  this  experiment,  failure  to  correctly 
visualise  the  appropriate  oblique  view  from  a  map  contributes  to  the  difficulties  of  target  acquisition 
tasks,  then  this  may  have  implications  nor  only  in  relation  to  briefing  information,  but  also  to  selection 
and  training  problems. 
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DISCUSSION 


Mr  Overington  (UK) 

Were  the  improvements  due  t»  photographic  briefing  referable  to  the  fact  that  these  photos  were 
taken  at  the  same  time  as  the  cine  films  used  in  your  simulation?  If  they  were,  they  vov’d  freeze  all 
variability  of  weather,  foliage,  view  ai^le  and  so  on. 

Mias  Parkes  (UK) 

I  take  your  point.  Aa  1  noted,  stills  were  takes  from  ,  m  •'in*  film  ftulf.  Cloud  effects  were 
common,  a  factor  you  didn't  mention,  tad  I  take  'his  to  he  highly  important.  Improvements  due  to 
photographic  briefing  were  exaggerated  in  my  cxyerlasot. 

Wing  Commander  Anderson  (UK) 

Did  you  intend  to  vary  angle  of  approach,  insofar  ns  preparation  of  the  diagrams  or  photographs  ia 
concerned? 

Miss  Parkes  (UK) 

I  would  have  liked  to.  It  seems  to  am  mart  unrealistic  to  test  always  against  oblique  diagrams 
showing  the  tame  approach  angle,  sad  this  has  very  romoooly  been  done  ia  briefing  experiments ,  presumably 
for  ease  of  preparation  of  material.  It  should  be  investigated. 
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THE  1JSF  Of  KEUrs  REPERTORY  CHID  TECHMCUE  FOR  AASECSihG  SU&IEOYVE 
ESTIMATES  OF  WPORTAN7  PARAMETERS  FOR  TARC-FT  ACQCISmOfi 


Mrs  A.)  Mitchel 

Brilteh  Aircntft  Corp-tratibr  Umited 
Guided  Waptmt  DtfiujA  Bmtci  W»rts 


X.'X&h: 


Kelly’s  Repertory  Grid  Teeaugu*  was  ••ployed  So  alu*  t ua  jr*«  of  oabjecii t*  r* ctors  involved  in 
viii4!ii  requisition  a:*  tarjn t» ,  in  the  hope  of  ciwring  -he  diacra  penny  between  list  -lat-i  obtained  fro* 
psjn.t:  physical  studies  and  actual  field  data*  1\n  oxperinents  stem  conducted  uring  .ll-puy  trailed  aircrew 
wslch  fcava  led  to  the  definition  of  acsa  subjective  par»_*5 ters,  a-’a  estimates  of  their  io^crtanoe.  Through 
xalyais,  three  oa.’nr  overlying  components  were  elicited,  each  givine  i  scale  along  w'tith  targets  could  be 
utwrusU 


These  major  coopcnents  werei— 

!.  The  t.irprt  has  visual  prominence  against  the  background  -  Target  is  ab-.to~.jT-d  into  the 
background. 

<1.  The  target  is  in  a  helpful  built-up  e^virocrwct  -  Target  is  ir.  ar.  urtv.  rr.>t ncnent. 

i.  There  era  {*  ographical  and  sap  identification  Asaturec  around  the  target  te  air  acqulaltlon  - 
ilaae  of  jotiuiaition  is  not  increased  by  ideatifi cation  featured. 

The  next  step  now  oust  be  tc  invewiigtte  cuy  emulations  between  these  roril  t*  a>i  physical  data 
•law  f.ttenpt  to  discover  a  fetter  foraing  a  link  between  the  two,  to  improve  any  toodsi  of  prediction  of 
r*  wioe. 

^'rt'-iTuaicc 

Conoerr.  wit*:  :.•»  un^a rat andxaa*  of  ttuT.  tcquieiUsc  of  targets  had  led  to  erpertnectatiou  on 
i»vjral  target  kai  w»«rv»*.icci*l  parwaete:*  involved,  such  a*;  target  alee  and  ehtpc,  contrast,  coaplaxity, 
ij.glr  c.T  vs.ow,  r**«.ujroloficjil  naikility,  and  speed  and  altitude  of  approach;  salnly  using  tsycho-phyaioal 
wcMi^ita.  However  discrepancy  was  found  between  the  phrAically  naasured  data  and  field  data,  anc  thus  it 
wax  felt  that  no*,  enough  merit  ha*,  cean  dam  on  the  sere  subjective  cs.tlrw.tes  of  toe  faetvrs  involved  in 
viwu.il  acqu isititm,  weic*:  nigr.t  tliruvoM  the  discrepancy. 

To  this  end,  erpeiv  sen  is  ware  initialed  with  the  intention  ;-f  studying  ears  rleael  j  the  ;*roe->tual 
on  A.  cognitive  procosaea  cf  thw  tiwnnr  during  target  acquisition,  stifc  particular  aagbaais  or.  the  problem 
luvolved  in  seetig  targets  against  a  structured  background  as  opposed  to  a  staple  hackgrtt-und.  For  this,  a 
procedure  vaa  required  which  would  both  identify  the  pilot’s  thoughts  about  each  terpot  in  his  own  tarns; 
vliiio  at  the  sane  tlm,  would  prodned  data  which  could  he  analysed  aid  asassssd  in  s  mails  fora.  These 
rr.-uire3er.te  eliminated  two  methods  immediately  springing  to  mind,  neatly,  the  umcn’-rollnd  free  choice 
•usthjd,  md  the  forced  choice  method  which  rarely  gives  subjective  mmawrem  of  thm  sjrpervointer’s  <m 
tnougfit*.  After  ccnci deration,  it  wns  suggested  that  Telly’s  Repertory  Grid  Taohniqur  mi  ght  be  an  adequate 
l/.ctraeier.t  for  the  proposed  investigations . 

The  .dapertory  Ik  at  was  devised  in  1*55  by  G.A.  Telly  ^ 1/  aa  m  integral  purl  of  him  Feraoral 
Construct  Theory,  in  which  he  suggested  that  each  person  has  a  set  of  oowtrocte,  a  oovuvract  tyetaa,  by 
which  he  appraisee  his  position  and  sarroundiiypi ,  and  attempts  to  anticipate  futuie  erwn’.e.  Each  cf  those 
constructs  will  apply  only  to  a  certain  auober  of  situation*  in  wn  individual  ’a  eqerwsmj  raid  they  probably 
will  not  exist  in  isolation;  soaa  nay  tend  to  over-lap;  and  certain  orvtj  will  be  «rw  lsjor’ciit  or  aore 
«r*rC  than  ot  ora. 

All  constructs  in  ErRy’s  Theory  are  assumed  to  tiwe  bipolar  dimensions,  a»id  the  mlmtiomiip  be tween 
the  two  roles  v;  tc  that  of  contrast.  Tba  pile  representing  the  conutract  is  texxwd  tM  construct  or 
-oanrge-.t  pole,  wi  the  ctrtraating  pole,  the  contrast  or  Irvpllcit  pile. 

The  fepertory  Tert  was  desioasd  lo  look  at  the  content  and  v‘,  rue  tune  of  three  osrwtrunt  ajitoma, 
aiii  proviuss  *  aewn  by  which  statiatic&l  eeasuroaenta  can  be  aaae  of  tlw  relationship*  tm tween  contracts. 

It  -(is  irdtially  al.ved  at  role  conat-jcte,  and  io  the  original  preoedure  the  '’KiniauA  Cemtert  Card  Fur*” 
vai-  r.sa.  Ai.tfcr.itr.  variations  on  this  for*  of  Sspertory  Test  have  been  suggested.  It  wa«;  considered  that 
the  .-riginni  yrooehire  would  be  the  scat  useftd  for  this  present  investigation.  (3«e  desrart**'.icn  ir.  KgTHOD). 

Kelly  (teviard  w  extension  to  the  basic  method,  the  Grid  Font,  in  which  onoe  tb»>  construct  had  been 
ol,  ;i.ksS,  the  jiubject  uas  ssked  to  classify  each  element  under  oie  or  other  of  the  poles.  File  can  he  done 
for  rwch  construct,  end  *fcy  whole  grid  drawn  up  In  tabular  fen,  with  the  elaaents  along  ana  azia  mod  the 
c'orji tracts  aibr-K  tue  othtr.  Various  aodif  1  aatione  of  the  Grid  method  have  bean  aairignsd,  bat  the  o.ee 
ccrisidered  tc  nest  useful  for  this  invaatigatien  was  the  noting  Grid  Fora  in  which  thn  subject  r.ited  each 

eleneat  for  each  cusstruct  on  a  scale  of  1  to  7.  This  method,  allows  the  subject  tc  al ] onto  a«  man/  elements 
us  fc^wisfcoa  to  either  pole,  while  at  the  sane  tine  being  able  tc  draw  greater  dLeMnutiwt  between  the 
elew-ntu. 

The  (.-.tire  Repertory  Grid  is  based  on  a  large  waster  of  aaajnptloret- 

(aj  That  the  amnia  of  elesvanls  la  an  adequate  representation  of  the  to  till  poviuatlon  of  relevant 
eleaenta  tr.  .he  subject’s  unvxrontent. 
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(b)  That  the  relationship  between  the  two  poles  of  the  construct  is  that  of  pure  contrast.  In 
experiments  employing  the  Repertory  Grid  technique  the  subjects  are  rarely  ashed  to  rank  or 
rate  the  elements  for  both  poles,  although  if  time  was  available  the  validity  of  the  results 
would  be  enhanced  by  this. 

(c)  That  the  constructs  given  by  the  aubjecta  can  be  applied. to  situations  with  which  the  subjects 
have  not  been  confronted.  Hunt  (1951,  in  Bonarius  19&5)'2'  demonstrated  the  validity  of  this 
assumption. 

(d)  That  ths  constructs  elioitod  are  pre-existing,  and  aro  r.ot  newly  developed  during  the  test. 

(e)  That  the  eubjoct  doe3  not  alter  his  view  at  all  between  the  process  of  eliciting  construct 
poles,  and  of  using  them  for  sorting  the  elements.  If  he  dees  blur  the  distinction  he  makes 
between  tho  poles  it  may  be  said  that  rather  than  giving  a  construct  and  contrast  pole,  the 
subject  in  actual  fact  is  using  two  construct  poleB.  Thus  it  is  important  to  re-oheok  the 
construct  and  contrast  pole  meanings  with  the  subject  whire  he  is  completing  the  sorting  task. 

(f)  The  experimenter  must  assus»  that  the  verbal  labels  the  subject  gives  to  the  construct,  and 
the  explanation  of  the  meaning  of  the  construct  given,  is  adequate  to  give  the  experimenter  a 
practical  understanding  of  how  he  is  organising  the  elements  in  tho  test. 

Some  constructs  do  not  have  verbal  labels,  and  represent  non-verbal  and  pre-verbal  bases  of 
discrimination  and  organisation,  (Bannister  and  Hair  1968)U).  These  nay  oocupy  important  positions  in  the 
layout  of  an  individual's  orientation  towards  himself  and  his  environment.  Also,  Bometimes  only  one  pole  of 
a  construct  will  be  capable  of  upholding  a  verbal  label  and  in  such  a  case  the  other  pole  is  said  to  be 
submerged. 

As  well  as  accepting  the  assumptions  behind  the  Repertory  Grid  Technique,  there  are  certain  practical 
difficulties  involved  in  its  use.  Each  subject  will  usually  be  required  for  a  considerable  length  of  Uoe  to 
complete  an  oxhaustivo  Interview.  However,  as  the  subject  is  intimately  involved  with  the  matter  of  the  test, 
the  results  are  unlikely  to  be  uffectcdby  the  boredom  of  the  subject. 

As  has  been  previously  suggested,  one  of  the  main  difficulties  is  that  of  understanding  the  verbal 
labels  given  to  tho  constructs.  The  experimenter  has  to  be  careful  not  to  prompt  the  subject  while  ho  le 
eliciting  constructs,  and  also  to  be  careful  to  record  the  subject's  personal  interpretation  of  them, 
uncontaminated  by  any  view  the  experimenter  himself  may  hold. 

LVen  when  just  one  grid  is  completed,  a  large  amount  of  data  is  produced,  ThuB  if  a  number  of 
subjects  are  used,  extensive  analysis  will  be  required  to  draw  out  all  the  available  information.  It  has 
been  suggested  that  it  nay  be  worthwhile  investigating  a  single  oaee  in  depth  when  an  elaborate  course  of 
troetoont  is  under  progress.  (P.  Slater  1965)  U). 


After  consideration  of  the  assumptions  and  practioal  problems  involved,  the  validity  of  the 
Repertory  Grid  Technique  might  be  questioned.  A  test/retest  validation  cannot  be  designed  for  an  individual, 
lut  possibly  it  may  be  applied  to  a  grid  designed  for  general  use.  The  internal  consistency  of  a  Repertory 
Grid  can  be  eBtablishr  through  the  occurrenoe  of  significant  relationships  between  certain  of  the  constructs. 
Foacibly  similar  grids  obtained  from  the  same  subjects  on  different  occasions  oould  be  compared  entry  by 
entry,  although  alight  differences  would  be  expected. 

Bannister  and  FranaeUa  (1967)^,  oonducted  a  study  to  assess  the  validity  of  a  Repertory  Crld's 
measure  of  polltioal  construing,  and  found  that,  in  this  context,  Repertory  Grid  tsohniques  eppoared  to  have 
substantial  validity* 

Despite  tho  assumptions  and  difficulties  involved,  there  are  several  advantages  in  using  the 
Repertory  teBt.  By  using  this  technique  one  ia  able  to  covertly  examine  the  relationship  between  a  subject  s 
construct  dimensions,  without  tho  subject  fully  real izing  what  is  being  measured.  (toBt  subjects  tend  to 
imagine  that  it  ie  their  actual  judgement  of  each  element  within  the  sorting  task  which  is  being  measured. 

A  second  advantage  is  that  Repertory  Crld  testing  is  essentially  a  highly  flexible  technique,  and 
not  a  single  teat.  Elements,  constructs,  elicitation  procedure,  and  scoring  method  can  all  be  varied,  and 
thus  there  appears  to  be  little  practioal  limit  to  the  range  or  the  type,  else  and  purpose  of  individual 
grids,  which  can  be  femtd.  This  flexibility  moans  that  the  technique  ifl  potentially  useful  for  numerous 
types  of  investigation,  for  explaining  individual's  construct  systems  on  many  topics,  by  varying  the 
elorents  accordingly.  Also,  the  test  enablefl  the  inveatlgator  to  record  quantitative  information  on  areas 
of  personal  conceptualisation,  which  aro  difficult  to  examine  by  the  more  conventional  methods  of 
questionnaires,  standard  interviews  and  projective  tests. 

One  of  the  major  advantage*  of  the  r  ,;ortory  Grid  Teohniquo  In  that  it  permits  the  study  of  the 
dimensions  along  which  the  subject  locates  individuals,  and  the  rest  ol  the  world  which  confront  him, 
rather  than  an  ittonpt  to  classify  tho  oubject  on  tho  examiner's  own  peroonal  diraonsion  syBtera. 

Thre  study  •  the  technique  to  examine  factors  affecting  visual  acquisition  of  tarpts  by 
pilots  flying  at  high  speeds  an.'  low  altitudes.  Thus,  essentially,  what  is  of  interest  are  the  pilots 
construct* dimensions  around  the  area  of  detection  and  recognition  of  various  typeo  or  targets,  in  order 
View  the  targets  through  the  piloto  eyes  and  use  the  information  thus  gained  in  the  way  th  pi  ot  would 
utilize  it,  rether  than  as  ths  oxporlmenter  thinks  tho  pilot  would  see  the  target  and  use  the  information. 

Ae  it  id  hoped  that  the  subjective  roDult.  obtained  will  be  used  in  conjunction  with  objective 
i7-.easurer.onte,  quantitative  data  on  xhe  subjeotivo  estimates  ie  required,  with  the  eventual  aim  0 
olaaoifjing  ths  targets  in  these  terms.  Due  to  the  Repertory  Crl*  veroatility,  then,  it  is  P°B«Wo  *  D* 
selecting  the  relevant  e? ononis,  administration  procedure  and  scoring  mntnod  to  make  tne  technique 
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appiicablo  to  the  present  problem. 

The  study  was  conducted  in  two  parts.  The  first  experiment  was  das;  gned  as  a  preliminary 
investigation  to  elicit  the  main  constructs  used  ir.  this  area}  and  the  second  experiment,  to  verify  the 
results  obtainod,  and  to  invostigate  the  effeot  of  using  two  different  interviewers j  and  of  "giving'1  the 
subjects  constructs  which  have  previously  beon  elicited,  to  rate  the  elements  on.  As  the  entire  procedure 
of  eliciting  constructs  and  rating  them,  was  very  lengthy,  it  was  hoped  that  this  cculd  be  shortened, 
particularly  in  further  experiments  whore  it  night  be  just  part  of  the  investigation,  either  by  using  more 
than  one  interviewer,  or  by  the  subjects  rating  "givon"  constructs.  Hence  the  reason  for  the  latter  part 
of  the  second  experiment.  It  should  be  noted,  that  although  this  procedure  of  "giving11  constructs  could 
be  termed  "prompting",  the  prompting  was  done,  not  with  the  experimenters  thoughts,  but  with  the  constructs 
generated  by  other  aircrew  subjects. 

To  sum  up  the  introduction,  the  experimental  elm  of  the  invests gation  iss  to  establish  the  way 
in  which  aircrew  construe  targets. 

EXPERIlEiT  1. 

KEIUODi 


nineteen  highly  trained  aircrew  were  used  as  subjects.  Fifteen  elementc  were  used,  taking  the 
form  of  photographs  of  targets,  varying  in  taking  range  from  pK  ft.  to  20X  ft.  Ordnance  Survey  Maps  (scale  = 
1"  to  1  mile)  of  the  relevant  area  with  tho  actual  target  ringed,  were  displayed  with  the  photographs. 

Each  subject  was  interviewed  individually,  each  interview  being  initiated  by  a  brief  explanation, 
during  which  it  was  emphasised  that  the  experimenter  was  interested  in  the  visual  acquisition  of  the 
targets,  and  thus,  factors  such  as  the  quality  of  the  photography,  etc.,  were  not  really  of  importance  to 
the  main  aim.  Such  an  instruction  was  felt  to  be  justified  in  this  particular  case,  as  aircrew  are  used 
to  identifying  targets  from  photographs,  and  can  ger.aralice  from  photographs  to  actual  conditions.  The 
set  of  photographs  and  their  maps  wore  then  presented,  one  at  a  time,  and  the  subject  was  told  what  the 
target  was,  and  asked  to  locate  it  on  the  photograph  using  the  maps  as  a  guide,  thus  to  a  email  extent, 
simulating  an  acquisition  task. 

The  minimum  Context  Card  form  for  eliciting  constructs  was  employed.  That  is,  the  subject  was 
snown  a  triad  of  the  target  photographs  ar.d  asked  to  give  one  important  way  in  which  two  were  similar, 
and  differed  from  the  third,,  with  respect  to  the  visual  acquisition  of  the  targe  "  shown.  The  construct 
olicited  was  recorded,  and  the  oubject  aaketi  to  specify  the  contrasting  pole,  ii  this  had  not  already 
been  stated.  j 

A  rating  form  of  scoring  method  was  used,  employing  a  seven-point  scale.  The  subjeot  was  asked 
to  rate  all  the  elements,  on  the  seven-point  scale,  for  that  oor.structj  first  rating  the  elements  not 
included  in  the  triad,  and  finally  the  elemonto  in  the  triad;  where  the  elements  exactly  illustrating 
the  construct  pole  acre  rated  one,  and  those  at  the  contrast  pole,  were  rated  seven.  If  the  subject  felt 
unable  to  rate  any  elements  for  a  oertain  oonstruot,  he  was  asked  to  give  it  a  rating  of  0. 

I 

If  a  subjoct  gave  a  construot,  and  then  or,  being  asked  to  rate  the  elements  on  it,  felt  unable 
to  rate  the  majority  of  them,  either  because  the  construct  applied  only  to  the  particular  triad  of  elements 
it  was  elicited  on,  of  beoause  the  construct  was  not  scaler,  the  construot  was  noted  down  and  the  subject 
enoouraged  to  auggeet  a  different  construct. 

Once  the  ratings  on  one  oonstruot  ware  completed,  three  more  targets  were  selected,  on  the  basis 
of  their  having  similar  ratings  on  the  previous  construct;  and  were  presented  to  the  subject,  who  was  again 
asked  to  auggeet  a  way  in  which  two  were  similar  and  differed  from  the  third. 

This  procedure  was  repeated  a  number  of  times  to  elicit  further  constructs,  until  the  subject 
did  not  appear  to  be  able  to  generate  any  moro  original  construots. 

If,  during  the  Repertory  test  the  subject  did  not  introduce  the  construct  of  the  target  standing 
in  a  simple  background  as  opposed  to  a  structured  background,  then  tbio  was  given  to  the  subject  at  the 
end  of  tho  interview.  Caro  was  taken  both  to  epeclfy  both  polee  of  the  given  conetruot,  and  to  ensure 
as  far  as  possible  the  subject’s  interpretation  of  the  label  given  to  the  construot  was  similar  to  that 
of  the  exporirtenter 

Throu^iout  the  interview,  care  was  taken  not  to  prompt  the  subjeot  in  anyway,  and  notes  were 
taken  of  any  remarks  the  subject  made  eltner  in  explaining  hiB  oonBtruots,  or  of  any  more  general  remarks 
on  target  acquisition. 

RESULTS  i 


The  data  from  each  subject  was  recorded  in  tabular  form,  with  the  elements  along  one  axis,  and 
the  constructs  olicited  along  the  other.  (For  as  example  see  table  A). 

.  Twenty  apparently  different  constructs  were  elicitedi- 
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Contrast  Pole 


Simple  Background 
Vertical  Displacement 
Lead-In  Features 

Good  targe t/baok ground  contrast 
Large  tax  get 

I. P.8  ( I  den  ti  float  ion  Potnts)near  the  target 

Unique  target 

Uncamouflaged  target 

Target  iB  near  a  built-up  complex 

Viator  as  lead-in  feature 

Target  1b  unobscured  on  approach 

Familiar  target 

Target  is  not  confusitle  with  other  featuree 
Area  target 

The  target  is  a  line  feature 

The  target  is  immediately  reco^.ie able 

Helpful  geographical  location  of  target 

Shape  of  target  contrasts  with  surrounding 

Good  range  and  beartng  from  known  feature 

Good  target  aspect 

Photograph  is  true  to  nap 

Movement  on  or  around  target 

Easy  back-o top 

Target  easily  seen  whatever  the  weather 

Local  knowledge 

Easily  destructable  target 


Complex  Background 

None 

None 

Poor  terget/background  contrast 

vSra&il  t  ex  get 

Hone  .. 

Hot  uni  quo 
Hell  camouflaged 

Not  near  a  buixt-up  complex 

\ 

Hone  'X. 

Obscured  X. 

Target  is  not  familiar  X 

Confusible  x  N 

Pin  point  target 

Hot 

Hot 

Hot  helpful 

Poor  ehapj  contrast 

Poor 

Poor  target  aspect 

Hot 

Hone 

Kor.e 

Hill  not  be  seen  easily  in  bad  weather 

Hone 

Hot 


Other  oonotructa  driven  that  wore  r.ot  rated 

The  targets  are  bridges 
Ho  cloud  shadow  over  target 
Water  near  the  target 
The  target  ia  on  a  coastline 


Dot 

Cloud  shadow 

Hor.e 

Hot 


A  Principe!  Components  Analysis  was  earned  out  or.  the  raw  data  using  a  program  provided  by 

tho  K.It.C.  sarvica  for  analysing  Repertory  Grids. 

The  nineteen  su'ojocta  gonoi-ated  l6l  construct  (although  many  were  similar  across  subjects),  and  the 
Analysis  was  uoed  to  reduco  these  constructs  to  a  set  of  overlying  components.  One  way  of  defining  a 
principal  component  is  as  a  ecalo  which  can  be  derived  from  the  constructs  for  measuring  the  elements.  It 
is  also  possible  to  relate  a  component  direotly  to  the  elements  and  define  it  in  ton zs  of  an  element  vector 
from  which  construct  loading  can  be  derived.  (Slater  196?)^), 

Fourteen  oomponento  were  brought  out,  the  firet  three  appearing  to  be  major  ones  and  a  further  three 
having  certain  proninenco.  Dr.  Slater  euggesto  that  although  mary  components  may  be  needed  to  complete  an 
exhaustive  analysis,  it  is  unusuel  to  find  much  variation  left  in  a  grid  after  three  components  have  been 
extracted.  In  this  case,  the  first  component  accounted  for  thirty  six  percent  of  the  total  variation  within 
the  grid;  the  first  three  components  for  approximately  Bixty  percent;  and  tins  first  eix  for  eighty  percent. 
Thus,  those  six  components  were  otudiod  more  closely. 

The  loadings  of  tho  constructs  and  elements  on  each  of  the  six  components  wero  given  by  the  program. 

In  an  attempt  to  find  verbal  labola  for  these  component,  tho  constructs  and  elements  with  either  high 
positive  or  hi^i  negative  loadinga  wore  identified  and  plotted  on  a  single  axle.  (For  an  example  see  Table  B) 

The  conotructo  at  one  end  identify  one  pole  of  the  component,  and  those  at  tho  opposite  end,  tho  , 
contrasting  pole.  By  comparing  across  tho  element  and  construct  axes  the  main  constructs  describing  each 
target  car.  be  cccr.. 

The  program  alee  showed  the  Polar  Co-ordinates,  i.e.  "latitudes"  and  "longitudes",  for  each  Of 
the  const  rue  ts  and  elements,  which  enabled  thoir  distribution  in  three-dimensional  apace  to  be  illustrated, 
by  mapping  them  or.  spncrco.  By  doing  this,  a  picturo  of  the  clustering  of  the  conotructo  was  giver.,  and  the 


B 1 4-6 


LOADINGS  Oil  COMPONENTS  l  ll 


HEAVILY  LOADED  CONSTRUCTS 

ELEMtSTS 

Urban  Environment 

Target  is  in  the  Middle  of 

Salisbury  Bub  Station 

Complex  Background 

Aotivity 

Lot 

Isolated 
!Io  Lead-In 

IfOt 

Unique 

Poor  Contrast 

Urban  Environment 

Nell  Camouflaged 

Small  Target 

Poor  Snape  Contrast 

Poor  Contrast 

0.8 

- 

4.0 

- 

Complex  Background  j 

Poor  Contrast 

Complex  Background 

0.6 

- 

3.0 

- 

Near  a  Built-Up  Complex 

0.4 

2.0 

- 

Funnol  Feature b 

Stratford  Theatro 

Necr  a  Built-Up  Complex 

Load- In  Peaturaa 

0.2 

1.0 

-  Henatridge  Control 

Tower 

I •P's  Near 

the  Target 

Weyhill  Radio  Masts 

Flat 

Terrain 

Kan-Made  Features 

Herri field  Control  Tower 
Gosport  Oil  Tanks 
Gloucester  Catnedral 

0 

— 

0 

Rolling  Terrain 

Bridgewater  Bridge 

l.atural 

Features 

Kampioham  H.T.  Station 

No  I.P.o. 

Ford  Rail  Junction 

-0.2 

-1.C 

Ho  Built-Up 

No  Lead-In 

M50/Rivor  Severn 

Yeovil  Causeway  over 

Complex 

No  Funnel  I'eaturas 

Reservoir 

Longloat  House 

-0.4 

Shoroham  Road  Bridge 

Naval  Vessels 

— 

-2.0 

lio  3uLlt-Up  Conplex 

• 

->3.6 

-3.0 

- 

Simple  BookGrcund 

Good  Contrast 

Lead-In  Features 

-0.8 

-4.0 

Good  Shape  Contrast 

Simple  Background 

Isolated  Target 

Large  Target 

Unique  Target 

Good  Contrast 

Hot  Camouflaged 

Rural  Qrvlronnent 

Simple  Background 
_Rural  Environment 

' 

Target  in  Open  Country 

TABLE  'B ' 
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relationship  between  constructs  and  elements,  shown,  i.e.  Constructs  which  lay  nearest  together,  correlated 
most  closely,  (for  examples,  see  Tables  C  and  D). 

conclusions 

Although  an  extensivsomount  of  information  was  obtained  through  the  analysis,  difficulty  waa  found 
in  converting  statistical  figures  into  psychological  prose,  as  there  was  still  a  dogroe  of  subjootivcnces 
in  selecting  verbal  labels  for  the  oomponente.  Howevor,  this  was  tentatively  attempted  by  a  panel  of  threo, 
boering  in  mind  the  intention  to  oheck  them  in  a  seoond  investigation. 

By  examining  tho  oonstruoto  with  high  positive  and  high  negative  loadings,  and  tho  rospoctive 
elemonts,  on  component  1,  it  was  decided  that  tho  constructs  underlying  tho  components  were  mainly  conccmod 
with  the  target  in  ite  immediate  backgromd,  and  whothor  it  stands  out,  or  it  absorbed  into  the  background. 
This  was  validatod  by  looking  at  the  targets  with  high  positive  loading  on  this  component,  and  also  by 
the  distribution  of  constructs  around  tho  major  axis,  of  tha  sphere .  The  following  fivo  components  wore 
exaninod  in  a  similar  manner,  and  it  was  suggested  that  tho  verbal  labels  for  the  first  throo  components  be:- 

1.  The  target  has  visual  prominence  against  the  background/Torget  is  absorbed  in  the  background. 

2.  llolpful  built-up  onvironment/Rural  environment  and  target  simplicity. 

3.  Googrophical  and  nap  identification  features  around  tho  target  to  aid  acquisition/ Jaso  uf 
acquisition  of  target  is  not  increased  by  I. P's  otc.  os  target  features  alone  oro  sufficient 
for  acquisition. 

Difficulty  v/as  found  in  allooating  labels  to  the  next  tliree  components,  although  it  iB  thought 
that  they  may  be  concerned  with  actual  target  features. 
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TABLE  C 

0I5PERSKDN  OF  ELEMENTS  -  DIRECTIONS  OF  TARGET  VECTORS. 


EXPISIIEHT  2 


METHOD. 


Two  groups  of  sixteen  subjeots  wars  used,  all  of  whom  ware  trained  aircrew. 

Fifteen  difforent  photographs  of  targe  to ,  all  taken  at  &  range  of  5K  ft.  were  solooted  uaing  knowledge 
gained  from  the  previous  experiment  to  ensure  a  varied  but  representative  aeleotion  of  elements.  Ordnance 
survey  naps  of  tho  relevant  areas,  wore  again  presented  with  the  photographs. 

Essentially  the  same  procedure  was  used  as  in  the  preliminary  study,  exoept  for  the  following 
modifications! 

(a)  Two  groups  of  subjeots  wore  used.  The  subjects  in  the  first  group  wero  interviewed  in 
exaotly  the  same  manner  as  those  in  the  previous  experiment.  However,  the  aubjoots  in 
the  second  group  were  not  required  to  elicit  their  own  constructs,  but  were  "given" 
fourteen  constructs  derived  during  the  previous  study,  and  from  the  first  group  of  subjects 
in  tho  study;  on  which  to  rate  the  elements.  The  "given"  constructs  werei- 


1. 

Simple  background 

- 

Complex  background. 

2. 

Good  vertical  displacement 

- 

Poor  vertioal  displacement. 

3. 

Good  line  lead-in  features 

- 

Hone . 

4. 

Good  colour  contrast 

- 

Poor. 

5. 

Large  target 

Small  target. 

6. 

Identification  points  near  target 

“ 

None. 

7. 

Unique  target 

- 

Hot  unique. 

8. 

Uncamouflaged  target 

- 

Vlell  camouflaged. 

9. 

Target  unobscured  on  approach 

— 

0b3  cured. 

10. 

Familiar  target 

Hot  familiar 

11. 

Unoonfusible  target 

“ 

Target  could  easily  be  confused  with 
nearby  featuros. 

12. 

Helpful  geographical  location 

- 

Hot  helpful. 

•'3. 

Target  near  a  helpful  built-up  aroa 

- 

Hot. 

14. 

Caod  shape  contrast 

Poor. 

Both  poles  of  oach  contruct  wore  supplied,  and  caro  takon  over  the  subject's  interpretation  of 
each.  The  order  of  presentation  of  constructs  was  randomised  fc.  each  subject. 

(b)  Two  interviewers  were  used,  each  taking  eight  subjects  from  both  groups. 

All  subjects  were  shown  the  same  set  of  pho  ographe  and  maps. 

RESULTS 

The  data  wan  tabulated  as  in  Experiment  1. 

Both  interviewers  elicited  similar  sets  of  major  constructs  from  their  subjects,  and  thus  it  was 
possible  to  examine  the  effect  of  using  two  different  interviewers,  or.  the  subject  rating  of  the  elements. 

A  Kendall  Coefficient  of  Concordance  teat  was  carried  out  on  both  groups  of  subjeotsi-  for  Interviewer  'A', 
for  Interviewer  '3',  and  for  both  combined;  on  six  main  constructs.  Thi3  indicated  that  there  was  no 
significant  differenco  betweon  the  ratings  by  the  subjeots  undsr  Interviewer  'A'  and  those  under  Interviewer 
>B  * ,  and  also,  that  in  all  casec  the  subjects  appeared  to  be  using  a  similar  on)  a  of  reference  for  rating 
targets  on  similar  constructs. 

Again,  a  Principal  Components  Analysis  was  carried  out  on  the  raw  data  grids,  taking  the  two  groups 
separately.  For  the  firot  group,  fourteen  components  were  brought  out,  tho  first  six  being  studied  mors 
closely,  as  in  the  previous  study.  The  grids  derived  from  the  second  group,  by  "giving''  the  subjects 
constructs ,  were  treated  slightly  differently,  in  that  they  were  aligned  by  construct  and  element,  and 
combined  to  form  a  Consensus  Grid.  High  correlation  (the  lowest  being  Q.6i>)  was  shown  between  individual 
grids  and  the  consensus  grid. 

0731  ALL  DISCUSSICi:  OF  HESULTS  FROM  BOTH  EXP3UKEHTS 

The  constructs  generated  during  both  experiments  wore  vory  similar,  and  the  few  oonntructs 
elicited  in  one  study  and  not  in  the  other  were  either  very  general,  e.g.  Target  is  immediately  recognisable/ 
not;  target  ie  predominant/not;  or  were  elicited  by  only  a  few  subjects. 

Subjeots  tended  to  generate  the  first  few  constructs  readily,  and  then  think  more  carefully  over 
further  onos.  AI30,  if  the  triads  presented  early  on  in  the  intorview  did  not  allow  for  the  elicitation  of 
constructs  which  the  subjeot  personally  felt  most  important,  then  the  eubjeot  would  either  introduce  these 
ir.to  general  conversation  at  the  first  opportunity,  or  would  elicit  them  when  presented  with  a  further 
triad  of  elements,  whether  they  were  representative  of  it  or  not.  A  number  of  apparently  important 
constructs  appeared  regularly  across  the  subjects,  the  order  of  their  appearance  depending  "-n  the  targets 
used  in  the  elicitation  triads,  as  the  importance  of  any  construot  varied  from  target  to  target. 

The  nucleus  of  rogularly  generated  constructs  consisted  ofi-  contrast  of  target  against  the 
background;  size  of  the  target;  vertical  extent  of  the  target;  lead-in  and  identification  features;  the 
shape  of  the  target  contrasti  ig  with  surrounding  shapes;  and  the  complexity  of  the  background  and  the 
predominance  of  the  target,  '.  he  size  and  vertical  extent  of  a  target  were  always  juaged  in  relation  to 
its  background.  If  the  target  was  a  largo  building  in  the  centre  of  a  complex  of  large  buildings,  then 
it  would  not  its’ If  appear  la^xs,  whereas  if  the  sane  target  was  surrounded  by  smaller  building  or  fields, 
then  it  would  seem  mien  larger.  In  a  similar  manner,  the  immediate  background  will  also  affect  the  apparent 
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vertloal  extent  of  the  target. 

The  best  types  of  lead-in  features  Here  considered  to  be  railways,  rivers,  and  motorways,  and  the 
beet  identification  points,  woods  and  water  features!  although  it  was  stressed  that  if  there  were  too  many 
rivero  and  woods  eto.,  then  they  would  merely  increase  oonfusion  rather  than  being  of  any  help. 

In  9ome  of  thr  photographs,  the  targets  were  large,  contrasted  sharply  with  the  background,  and 
took  a  prominent  position  on  the  photogr^>h,  and  thus  oould  oaoily  be  acquired  without  the  use  of  any  lead-in 
or  identification  feature,  although  these  could  be  present,  in  this  type  of  oase  BUbjeots  found  difficulty 
in  rating  the  photograph  for  usoful  lead-in  or  identification  features  as  they  were  not  actually  roouirod. 
However,  under  real  conditions,  a  pilot  would  use  lead-in  features  and  track  checks  a  long  time  before  he 
oould  actually  see  the  target  and  thus  the  subjeote  referred  to  the  Ordnance  Survay  maps  for  earlier  evidence 
of  lead-in  features,  in  order  to  rate  the  targetB  for  these  oonstructB. 


As  a  first  step  in  the  analysis  of  the  results,  the  Kendall  Coeffioient  of  Concordance  teat  wan 
carried  out  on  the  raw  data  grids,  and  the  results  indicated  that  on  the  whole,  the  subjects  uoed  a  similar 
scale  of  reference  for  rating  the  elements.  This  was  even  true  in  the  second  experiment,  regardless  of 
whioh  interviewer  was  tasting.  Although  interviewer  'A'  was  more  restricted  by  subjects'  length  of 
availability,  and  thus  did  not  obtain  as  many  conatruots  as  interviewer  'B ' ,  both  interviewers  obtained 
similar  major  constructs!  and  thus  it  would  seen  that  there  was  little  difference  betweon  the  results  gained 
by  them.  However,  the  interviewers  held  a  series  of  pre-test  discussions  on  the  Repertory  Crid  technique, 
and  plannod  as  far  as  possible  how  to  conduct  the  interviews,  using  the  strategy  of  saying  as  little  as 
possible  during  the  experimental  sessions  to  avoid  prompting  subjects,  while  at  tho  aamo  time  oncouraglng 
then  to  elicit  new  oonet-uots  and  helping  with  any  problems  arising  in  the  rating  of  the  olemonts.  Thus, 
before  it  can  be  assumes  that  any  number  of  interviewers  can  be  used,  this  aspect  of  the  tochnique  should  be 
examined  further,  as  probably  interviewers  should  be  trained  in  the  technique  together,  in  order  to  gain 
similar  results. 


From  the  Principal  Components  Analysis,  loadings  of  constructs  and  elements  on  oach  component  could 
bo  examined  in  order  to  suggest  verbal  Icicle  for  the  components. 

Constructs  from  the  consensus  grid  at  the  positive  ar.d  of  oomponent^  ^.wero  of  the  typo;-  "Target  io 
rear  a  helpful  built-up  complex")  "Target  is  well  camouflaged"  j  "Target  is  obseurod"!  thoro  i3  poor  target/ 
background  contrast,  and  "the  target  background  is  complex".  Those  were  also  shown  by  the  analysis  of  tho 
grids  using  "elicitod"  constructs  t  n  both  experiments.  All  acts  of  results  showed  similar  constructs  at 
the  negative  end  of  the  component,  e.g.  "target  is  unique",  "target  is  ioolated"!  "target  io  not  camouflaged"; 
"tho  target  background  is  simple";  and  "there  is  good  targe t/backgr  ad  contrast".  Ilonce  the  major  component 
appV.rcdto  bo  an  overlying  factor  concerning  tho  visual  prominence  if  the  target  03  opposed  to  it  bain 
absorbed  into  the  background. 


Underlying  component  (2),  from  both  groups  of  experiment  2,  are  the  constructs;  -  "good  vertical 
extent";  "large  target";  "built-up  complex";  and  "no  lead-in  features";  at  ono  component  pole;  and  the 
constructs:  -  "small  targets";  "good  lead-in  and  i&entif loation  features";  and  "poor  vertical  extent"  at  the 
opposite  pole.  These  correspond  to  the  construote  underlying  component  (3),  of  tho  firBt  Btudy.  It  was 
decided  that  the  component  overlying  those  constructs  could  be  described  by,  "whether  the  terrain 
surrounding  the  target  hoe  useful  identification  and  run-in  features,  or  whothor  the  target  io  00  large  and 
unique  in  the  area  that  the  eye  will  immediately  be  drawn  to  it  and  thus  identification  points  will  r.ot  b9 
needed" . 


Both  sets  of  grids  in  tho  second  study  gave  tho  following  constructs  at  the  positive  end  of 
component  3:-  "target  is  near  a  helpful  built-up  complex;"  "the  target  background  is  complex";  "target  has 
poor  vertical  extent"  and,  "good  lead-in  and  identification  features";  and  at  the  opposite  pole;-  "simple 
target  background":  "no  built-up  complex";  "unique  torcet"  and  "lack  of  other  features  to  confuse  tho  target 
with".  Taoue  constructs  correspond  to  the  constructs  ur.dor  component  2  in  the  first  study.  Thus  the 
overlying  component  could  be  labelled,  "The  environment  is  a  helpful,  built-up  aron./  The  target 
environnont  is  simple". 

Components  4,  5  and  6  do  r.ot  appear  to  take  any  obvious  form  for  any  of  the  groups  of  grids 
examined-  and  thus  it  is  considered  that  as  far  as  these  studies  show,  the  first  three  components  cover 
the  most  important  factors,  aocording  to  subjective  estimates,  for  influencing  the  visual  acquisition  of 
targets.  However,  one  oannot  say  that  the  lees  obvious  components  are  completely  devoid  of  interest  as  they 
may  involve  considerations  that  only  a  small  number  of  subjects  had  noted  and  felt  important. 

Although  a  few  difficulties  in  using  the  Repertory  Crid  technique  were  encounterod,  namely,  that  of 
interpreting  accurately  the  meanings  implied  by  the  subjects  to  their  conBtruots;  and  the  considerable  length 
of  time  needed  to  complete  an  exhaustive  interview  with  each  subject;  these  wore  not  unsurmountable,  i.e. 
detailed  notes  were  taken  of  subjects'  descriptions  of  their  constructs;  and  longer  periods  of  time  could  bo 
made  available.  Thus,  overall  the  tochnique  was  considered  to  be  o  highly  sophisticated  instrument,  capable 
of  providing  adequate  information  about  the  way  in  which  aircrew  construe  targets. 

To  sum  up  the  information  gained  in  those  two  studies,  it  was  ehown;  that  the  aircrew  subjects 
tondad  to  use  similar  constructs,  and  to  use  the  some  soale  of  reference  for  rating  the  elements  on  the 
constructs;  that  the  targets  are  seen  in  relation  to  their  background  and  not  in  isolation;  that  there  was 
little  difference  in  the  data  coveted  by  the  two  interviewers;  and  that  the  grids  containing  elements  rated 
on  "given"  constructs  gave  the  same  principal  components  as  those  with  "elicited"  constructs,  although  the 
weighting  given  to  tho  first  component,  by  the  subjects  rating  "given"  constructs  was  much  heavier,  than  that 
given  by  other  subjects.  The  three  major  components  derived,  overlying  constructs  used  for  the  acquisition 
of  targo  ts  were:- 
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(1)  The  target  has  visual  promlnenoo  against  its  background./  The  target  is  absorbed  into  tho 
background. 

(2)  There  are  geop'ophioal  and  map  identification  features  around  the  target  to  aid  acquisition,/ 
Ease  of  target  acquisition  is  not  inoreased  by  identification  featres. 

(3)  The  target  is  in  a  helpful  built-up  environment.  /Target  is  against  a  simple  background. 

The  first  of  these  appears  to  be  dominant. 

The  next  step  ie  a  comparison  of  grid  results  with  physical  data,  in  order  to  gain  a  more  ooaplete 
modal  for  prediction  of  performance.  Attempts  are  already  being  made  in  this  direction,  using  payoho- 
physioal  teohniquss  for  recording  dateotlon  and  recognition  thresholds,  followed  by  a  Repertory  test,  using 
the  same  targets. 
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hv 

Sandra  J.  Stale 

BRITISH  AIRLRATV  CORPORATION  LI  10  TED 

gui  om  usAPars  ;  :visro;;  i  Bristol  works 

TARGET  ACQUISITION  RESEARCH  GROUP 

SUMMARY 

The  variance  associated  with  acquisition  performance  arises  from  'between  nubjeot'  differences  and 
’within  subjects*  differences.  Psychological  teste  have  been  used  in  the  past  in  an  attempt  to  assess  the 
factors  contributing  to  this  variance,  but  the  results  have  been  inconclusive.  A  recent  more  intensive  study 
was  conducted,  using  a  pattern  discrimination  test,  the  Witkin  Qobedded  Figures  Test.  Previous  experimental 
work  using  this  tost  indicated  that  the  test  would  be  suitoblo  for  the  target  acquisition  situation  in  that 
it  would  estimate  analytical  ability,  which  was  hypothesised  as  being  a  factor  contributing  to  the  variation 
in  acquisition  performance. 

Although  co  overall  significance  was  found  between  EFT  :  cores  and  measures  of  acquisition 
performance  unrlsr  various  briefing  conditions,  the  study  highlighted  ♦he  difficulties  involved  in  using 
psychomotric  tests  in  the  context  ol'  target  acquis itiov*.  The  paper  examines  these  difficulties  and 
illustrates  the  contribution  to  the  methodology  in  this  area  to  which  they  have  led. 

i .  i mo du mot; 

'i  tu  a  -  a  of  target  acquisition  have  concentre  ted  mainly  on  the  effects  of  environmental  and  targe  i 
parameters  on  operator  performance.  Among  the  aims  of  this  research  13  the  ability  to  predict  operator 
pot lorraance  under  a  given  set  of  conditions.  In  its  simplest  terms,  it  is  hoped  that  thi3  information  will  be 
of  rae  in  the  design  of  weapon  systemB.  The  reauitc  of  nany  simulation  studies  indicate  that  the  controlled 
variation  of  phvsicnl  factors  such  as  target  siea  and  .contrast  eta.  doss  not  give  consistent  results  in  terms 
of  operator  perform,  nee.  Similarly,  there  is  a  discrepancy  between  flight  results  and  simulation  results 
which  cannot  be  completely  explained  by  consideration  of  the  various  differences  in  physical  parameters.  It 
has  become  increasingly  obvious  that  3one  means  of  assessing  differences  duo  to  the  operator  should  be 
employed  in  order  to  explain  the  inconsistent  nature  of  acquisition  results.  If  one  considers  the  performance 
of  inuividual  subjects,  the  problem  becomes  twofold  -  not  only  does  the  same  task  produce  different  results 
for  different  subjects,  but  the  same  o^rutor  may  give  significantly  different  results  for  the  sano  target  on 
consecutive  trials.  Results  from  acquisition  studies  nave  a  variance  orawn  therefore,  from  ’within  subjects' 
sa  well  as  'betweo.-i  subjectn', 

i.iese  'individual  differences'  are  considered  to  be  the  main  source  of  variation  in  experimental 
findings,  a-.d  it  is  surprising  therefore  that  comparatively  little  effort  has  boon  opent  in  trying  to 
establish  the  factors  contributing  to  this  variation.  Psychological  opinion  suggests  that  the  main  source 
of  possible  variation  niy  aruse  due  to  individual  differences  in  intelligence ,  personality,  psycho-motor 
ability  and,  lirkad  c.osely  with  dll  these  throe,  perceptual  skills.  There  aro  several  standard 
psychological  lasts  which  mav  oe  employed  to  assess  variation  in  these  factors.  The  question  ariooo  as  to 
the  use  of  psychological  tests  -  ore  they  any  better  at  predicting  operator  performance  than  simulations?  The 
answer  is  far  from  oimpie.  As  already  discussed,  the  main  problem  appoars  to  bo  interpreting  acquisition 
results  in  view  of  the  variation  which  occurs.  The  first  step  in  evaluating  the  results  is  to  understand  the 
factors  contributing  to  the  variation.  Psychological  tests  would  appear  to  be  the  only  method  there  is  at 
present  of  assessing  these  factors.  Whether  one  can  actually  predict  with  confidence  on  tho  baoi3  of  the 
tests  is  another  matter.  Certainly  there  are  tests  which  are  claioed  to  predict  tendencies  towards  cortain 
specif'c  behaviour  patterns,  and  in  clinical  psychology  they  are  used  extensively.  Extreme  scores  on 
personality  testa  may  be  used  as  predictors  in  the  acquisition/tracking  situation,  but  in  general,  these  tC3ts 
ehould  be  used  and  interpreted  with  caution.  The  main  use  of  tests  would  appear  to  be  in  the  explanation  of 
significant  individual  differences  in  performance,  definition  of  the  population  sample  on  standardized 
dimensions  for  valid  comparisons  with  previous  work  and  selection  of  comparable  population  samples. 

The  nain  problem  appears  to  be  choosing  the  appropriate  psychological  teat.  A  test  is  usually 
ohosen  on  the  basis  of  throe  oriteria.  Firstly,  a  definition  of  actual  use  to  which  the  test  will  be  put, 
e.g.  selection  or  ctandardiaat'on.  Secondly  the  appropriateness  of  the  test  for  the  task  with  which  tho 
results  are  to  be  compared.  Finally,  there  should  normally  be  some  hypothesis  about  the  nature  of  the 
individual  differences  being  investigated.  Thie  does  not,  of  course,  precluda  the  use  of  teste  on  an 
intuitive  basis.  In  addition,  the  test  should  satisfy  the  basic  standard  test  requirements  Buch  as 
reliability  and  validity. 

Psychometric  tests  have  been  used  by  BAC  in  the  past  in  conjunction  with  acquisition  and  tracking 
tasks.  i;owev9r,  where  tests  have  ooen  used,  they  have  general  y  been  an  afterthought  to  tho  main  study,  and 
often  the  hoico  of  teats  has  not  been  based  on  any  of  the  three  major  criteria  mentioned  above.  As  a  resul  ; 
no  exter.oi  .  j  evaluation  of  factors  contributing  to  the  variation  in  resul  n  or  of  the  tests  used  has  been 
completed.  The  tendency  has  been  to  use  a  standard  intelligence  or  personal. ty  test  and  the  tests  UBod  include 
Eysencks  Personality  Inventory,  Ravens  Progressive  Matrices  (Advanced  and  Standard),  the  Catell  16  PP  and  the 
Heims  AiI5>.  V-ry  few  eifpu  ficant  correlations  between  the  tests  and  acquisition  tasks  have  been  found,  and  the 
□air.  finning!  are  summarised  in  Table  1. 

Rocontly,  a  more  intensive  study  using  a  opecialized  tes'.,  the  h'itkins  Dnbedded  Figures  Test  (EFT) 
war  conducted  by  BAC,  and  it  is  proposed  to  devote  this  paper  to  consideration  of  this  particular  study  since 
il  highlighted  tho  difficulties  inherent  in  choosing  an  appropriate  psychological  tost. 
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TABLE  1. 

CASES  V/HH1E  PSYCHOLOGICAL  TESTS  HATE  K2BI  APPLIED  V-  BiC  JilK  TO  GROUND  TAB03T  ACQrHSITICK  OTIKDCTrS. 


BAC  HUMAN  FACTORS 

STUDY  NOTE 

RKSLT.TS 

SERIES  4,  Ho.  9 

S.P.I 

raving  nx3;i‘  too  nsa/siTive 

RAV2SJ  BTlNWJte  “KCRESSIVE 
MATRICES 

SIHIES  4,  No.  17 

E.P.*. 

CATELL  teTP 

RAVINS  &TZSCZJ  PROGRESSIVE 
KATCTCtS 

tn.  SIC.  CORRELATIONS 

BEIWSff:  AHJ  T52TT-  AND 

ac-mt.  sines:  range 

satiss  4,  Ho.  19 

E.P.I. 

CATELL  •€*  * 

HSBC  AiIS 
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2.  RATIONALE  OF  THE  STUDY 

The  E.F.T.  is  essentially  a  pattern  diacrininat \oj  um»k  based  on  Uitkin's  work  on  peroeptual  style, 
and  would  seem  directly  applicable  to  tbs  target  a;?uisiUer.  situation. 

A  brief  outline  of  Hitkin'a  work  la  i**'<-lil*<L  since  full  sppreciatiu<>  of  the  tost  depends  tr, 
having  some  understanding  of  the  work  which  led  'ip  to  the  development  of  the  te«’ .  Yitkfn  (Ref.’)  performed 
a  series  of  experiments  to  examine  t!.e  winner  in  whir*  individual!)  perceived  the  orientation  of  e  rod  withir. 
differently  orientated  surrounding  framrs.  He  round  that  individuals,  it  en»  extx—oe,  rorcoivid  the  rod  as 
being  upright  regardless  of  the  orientation  of  the  at mounding  fr.’oe,  whilst  at  th»*  other  extreme 
individuals  found  it  impossible  to  al ipt  the  rod  wish  the  vertical  Cue  to  the  orientation  of  the  aunreanding 
frame.  In  a  later  study  using  the  perception  of  the  nprtght  when  body  position  ani  room  worn  tlltou,  Mitkt.i 
found  similar  results:  in  both  situation:  sow  individual!)  vsro  tele  to  cvercone  the  influs/.M  of  the 
surrounding  field  (i.e.  the  tilted  room  )  whilst  others  worv  strongly  influenced  by  it.  Late;  Vitxin  (Raf.  2) 
adapted  test  material  developed  by  Cottsohaldt  ( i?26)  in  urde*  to  obtain  uoo»  measure  cf  'pemaptual  style* 
apart  from  that  involved  in  the  perception  of  too  upright.  Ale  h**t  i  known  as  the  Uxbeddwd  Figure*  Teetf 
in  this  the  subjeot's  task  is  to  locate  a  previously  seen  sin^il  s  figure  v.v'  ■»  is  contained,  and  partially 
obscured  by  oolour  and  configuration,  wi'-hin  a  ecwclar  'isure.  The  weosiu-'  of  perceptual  style  ts  'he  total 
time  taken  by  the  subject  on  the  items  i-i  tee  teat. 

Subject's  responses  to  this  tet t  are  described  rievg  a  ccn'incem  of  'perceptual  style*  re.-i.-in*  frr* 
those  who  are  Field  Independent  (proficient  at  cepsratihgr  the  figure  frrn  iu»  contort)  to  ehcac  who  are 
Field  Dependent  (find  difficulty  in  separating  the  figure  .i«n  it#  certext).  /.tlein  found  high 
correlations  between  subjects*  performance  on  the  space  nrientp.tion  teaie  ana  th-  SJ-i  bedded  1“ -.r.i  »\j*ts.  .'no 
led  to  the  postulation  of  a  generalised  unalytisoi  tr»-*  ic  per-.optior.  which  was  related  to  certain 
personality  faotors. 

Two  recent  studies  have  tried  i«  relate  the  pem-ptual  oty  of  individual*  to  more  sp*  iatised 

practical  aspects  of  perception.  Barrett  and  Thornton,  (aoferenoa  3)  found  perceptual  utyi-c  significant;  i’ 
related  to  the  ability  of  subjects  to  pe.ceive  s  hucon-like  dummy  which  appeared  in  th;  path  cf  a  cer-lriv  :.r.< 
simulation.  Thornton,  Barrett  and  Davie*-  ( 196.3)  fo-eE  oigiaflcanl  ccrr-al  ti-aw  hetwom  perceplv.tl  uty.e, 
indicated  by  the  Embedded  Ficurea  Teat  ar  i  the  ability  te  coifoctly  identify  tercets  in  acri:.;  phcirgriphu. 
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*'  s:  L.--V.  foou.  to,  :  •-  >  au  -vp  a.  5  t  .-.*•.  fur,-,-  ~  ft  t  fprs.v-x.  wi.erw  Did.  jests  '•»«  tract* 

1  vr--  :  • '  v.wv  -  1  -  -  :  rt . -  , :  V.  I '  u  ii  v  i  . -  1  rir  :  .. ...  _  slyie  ae  os ..  re  Li  ‘oy  the 

'  -■  ■  .  .:  ’.i.  -  -  Hi  If  -  r  --  » r-  i.i.;'ir*a  fer  f.. 1  ■  0  target 

\I. :  tew*.  -..'iii  p.  h«i b .y  :-i  ih.  j  .:  tw.  e.»,;r  w<«3.  ir:  s.x^eriat.-ita*  l»«lgn,  where  eubjoots 

'  •••  o'  :r.t..T  1  mp  /u  ...  3-sjj—  are.  «.f  oelr-.iion  for  specialised  rol«o 

£jt  :.  *u  /  t  .-1..  lerprei-iti:.T.  -  -  ;  ■ ,  .  race  c  . 

n  .;:.  ai s-  '  i'  —  a’.ij.  - ,  .  -■  .r.i,  :  •  :■  0  sax,;*  of  urern,  tM  relstionshi p  betoeen  target 

ecr. ;r  s.  dyr.siit  si.r.l»tioi.,  u  as*. . -vi  ty  various  scora» ,  ami  score*  froa  the  Qabedded 
: ;  g ..  rv  -  Tea  :.  *  _ i a:  ir /  aim  w«  10  eataciisr.  warmer  mere  la  a  relationship  belw.en  flying  exp.rience 

(?r.  terau  of  houro  fiovr.)  ana  L.F.T.  ucoret,  -  if.:  hypothesis  being  tnat  pilots  whs  haws  greater  experience 
ir.  resolving  conflict  between  visual  cues  (derived  from  ins truser.ti)  and  vestibular  cuoa  (due  to  aircraft 
motion)  Should  b<-  sore  Melt  ln.eper.ser.t . 

3.  iVJJtlK-.TAl  PROCiOSit  f-b  KuSCLTS 

The  test  was  administered  to  a  total  of  forty-eight  pilots,  whose  age 0  ranged  from  21-41  years 
(Iran  2o.3  years)  Plying  experience  aloo  varied  from  4  10  hours  to  cj ,003  hours.  The  scoring  technique  waa 
aor.ewh.at  different  to  that  of  Within,  Within  used  a  maximum  time  of  nir.utca  whereac  in  thla  otudy  a  maximum 
tiro  0.'  two  ninutm  won  imposed  to  r.;ahe  the  toot  shorter.  In  adu.  .ion  the  watch  waa  stopped  during  any 
demonstration  of  the  figure  by  a  subject;  in  tho  nvent  of  an  error,  timing  waa  rooumod.  Within  on  the  other  hand 
includes  time  taken  to  trace  the  figure  whether  the  subject 'a  responso  waa  correct  or  incorrect. 

Tho  following  mcasureo  of  target  acquisition  were  taken  from  an  air-to-ground  cine  simulation  running 
concurrently,  investigating  tho  relative  contributions  of  target  cue  and  target  area  information  to 
acquisition  performance. 

(i)  Acquisition  Range  -  the  range  at  which  a  subject  sees  a  target  when  approaching  it  at  normal 
speed  with  briefing  material. 

(ii)  Potential  Range  -  the  range  at  which  a  target  becomes  potentially  viaiblo.  Where  a  subject 
can  ili- ‘mguish  a  target  when  approaching  it  at  a  alower  opend  and  knowing  oxaetly  where  it 
10  ad. 

(lii)  Search  Time  -  the  difference  between  acquire  search  and  acquire  target,  that  is,  olapoed  time 
measured  in  frames. 

i'our  task  conditions  were  given  to  the  subjects,  during  the  simulation,  each  representing  0 
different  level  of  briefing.  The  first  task  was  termed  'route  learning  and  in  thiB  condition  the  subject 

was  shown  the  film  three  timos  detecting  and  'talking  through’  with  the  experimenter  pre-selected  reference 

points  to  provido  active  involvomont  in  the  tank.  After  tho  route  learning  runs  tho  oubject  wan  given  another 
map  of  tho  same  route,  this  tiaa  with  the  target  narked  on  it  and  woo  roquimd  to  ocquiro  this  target.  Tor 
the  second  condition,  target  briefing  photographs  of  tho  target  and  its  immediate  surroundings  were  given, 
before  and  during  h  first  run  detection.  Those  photographs  wero  taken  at  ranges  of  approxinatsly  5,GOO> 

10,000  and  17,000  feet  in  order  to  give  the  subject  an  indication  of  perspective  effect  due  to  altitude  and 
approach  angie.  Tne  next  condition  consisted  of  a  alow  forward  rur.  through  tho  film  d-.  ng  which  the  subjeot 
acquired  the  target.  This  wee  inr-ediatoly  followed  by  a  fast  forward  run,  again  ocqui  tho  target.  During 
the  first  half  of  thie  condition  the  oubject  'learns'  the  target  within  its  background  ...i  transfers  this 

knowledge  to  the  aecond  hi^i  speed  run.  The  final  condition  was  a  oontrol  oonditlon,  which  was  a  normal 

approach  to  tho  target  with  basic  briefing  materials  af  ^  1  1  mile  map  with  both  target  and  track  marked. 

J'or  Acquisition  Range,  acomposito  rank  performance  score  was  compiled,  this  being  tho  eum  total  of 
each  subject's  first  run  performance  ovor  all  targets.  The  potential  range  for  each  of  tho  four  targets  was 
examined  separately.  Correlations  wore  performed  between  the  composite  acquisition  performance  and  li.r.T. 
time  scores  and  fotor.Ual  Rar.go  for  each  of  the  four  films  and  E.i'.T.  time  scores.  In  addition  correlation! 
between  S.i  .V.  ocores  and  Age  and  Fiying  Mourn  were  performed,  ho  significant  coireiationo  (at  the  level) 
were  found  between  any  of  these  measures. 

However,  since  the  E.F.T.  is  essentially  a  search  task,  it  was  f)lt  that  comparisons  with  the 
elapsed  time  betwoen  "acquire  search  oroa"  and  "acquire  target"  would  be  more  appropriate.  Also,  the  method  of 
pooling  the  data  used  for  acquisition  performance  may  well  mask  tho  effects  duo  to  performance  on  Individual 
films  and  briefing  conditions.  For  each  film  and  experimental  briefing  condition  correlations  between 
su'ojecto'  EFT  scores  and.  their  target  ooarch  time  in  the  cine  simulation  waro  r  'armed.  These  correlations 
arc  or.own  ir  tho  tabio  bclowi- 
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Again,  tha  overall  lack  of  algnlfioance  was  notable  but  here  thore  ie  a  trend,  towards  negative 
correlations.  At  present  there  ia  no  explanation  to  acoount  for  theae  negative  correlations. 

Inspeotien  of  the  data  revealed  that  in  many  instances  the  potential  range  measurement  was  less 
than  the  search  area  range  measure.  If  we  assume  that  the  potential  range  measure  is  the  first  point  at 
which  the  individual  would  bs  able  to  Bee  the  target,  then  it  follows  that  the  difference  between  acquisition 
range  and  potential  range  ie  a  better  measure  of  •uaefvl'  aeareh  time.  However,  if  the  eubjeot  has  not 
acquirod  the  search  area  before  hie  potential  range,  the  useful  search  time  is  then  estimated  from  the 
difference  between  the  "acquire  search"  measurement  and  the  "acquire  target"  measurement.  Correlations  were 
performed  with  ITT  scores  and  thia  acmonded  aeareh  time  measure,  for  each  film/condition  combination.  None 
of  those  correlations  were  found  to  be  significant.  However,  the  previous  trend  to  negativo  correlations 
was  less  pronounced. 

TABLE  3.  CCEIBITIOT. 
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4.  fJRTHEl  COHSIDatATICr.  OF  THE  RESULTS 

The  total  lack  of  any  useful  correlations  between  the  various  acquisition  measures  and  £5*?  acoree 
was  surprising.  The  experimental  evidence  from  the  studios  quoted  earlier,  combined  with  the  nature  of  the 
EFT  task,  i.e.  extracting  information  from  a  complex  background, suggested  that  tha  teat  would  be  useful. 

In  order  to  ostablish  reasons  for  the  lack  of  correlation  the  data  was  examined  in  more  detail. 

Previous  B.A.C.  experience  of  target  detection  tasks  is  that  detection  ranges  are  approximately 
log  normally  distributed.  Alac,  search  tines  as  investigated  by  J.  Bloomfield  at  iiottington  (Roference  4) 
follow  an  exponential  diotribution  of  the  Rayleigh  Form. 

It  was  decided  that  the  distribution  of  E.F.T.  scores  (both  Vlitkin'e  original  data  and  B.A.C.  data) 
should  be  examined  in  normal,  Rayleigh  and  log  form.  When  examined  in  normal  form,(eee  Fig.  l), it  was  clear 
that  both  data  sett  wore  non-linear,  and  could  not  be  considered  as  normally  distributed. 

In  Figure  2,  both  acts  of  data  are  preaonted  to  test  the  possibility  that  EFT  acoree  are  Rayleiilh 
distributed.  Thevo  is  a  possibility  that  the  B.A.C.  data  in  Rayloigh  distributed,  whilst  this  in  clearly  not 
tho  case  for  the  Vitkin  data.  This  would  imply  different  distributions  in  the  Within  and  3AC  data.  However, 
ever  tho  Baa:  rings  of  ccorcc,  v.'itKir.'c  data  la  alee  approximated  by  a  at.  eight  line.  In  view  of  this  it  ic 
preferred  to  regard  the  DAC  date  ao  port  only  of  the  larger  Hltkln  distribution.  This  would  also  provide 
an  answer  to  the  problem  of  why  no  correlations  wore  found  between  EFT  soores  and  acquisition  performance  in 
this  otudy.  All  the  BAO  data  falls  In  the  upper  50y)  of  Witkin'B  data,  and  in  relation  to  Vitkin's  conoept  or 
the  field  independent  -  field  dependent  continuum,  this  would  suggest  that  all  the  subjects  used  in  this 
Btudy  cluster  at  tho  fiold  independent  end.  Although  the  toot  may  adequately  discriminate  betwoon  field 
independent  and  field  dependent  operators  drawn  at  random  from  tho  population,  it  appears  that  it  is  too 
inoonsitivf  to  discriminate  within  a  group  of  highly  field  independent  subjects. 

In  Figure  j,  tho  data  is  preaonted  to  test  tho  possibility  that  log  EFT  ocoroc  are  normally 
distributed.  Both  DAC  and  ilitkin  data  are  reasonably  fitted  by  straight  linos,  and  this  diotribution  is 
Btrongly  supported. 

Finally,  the  data  io  presented  .n  Figure  4,  to  test  tho  possibility  that  log  EFT  scores  aro  Rayl  cifdi 
distributed.  It  io  clear  that  neithor  BAC  or  '.Utkin  data  io  ao  distributed. 

UlSCuSSIOL  ALB  COl.CLUoIOLS 

The  investigation  of  tho  diotribution  of  EFI  scores  o Undated  a  reappraisal  of  the  test.  Tho 
nature  of  the  EFT  as  seen  by  L'itUn,  involvoe  an  ability  to  deal  with  the  fiold  analytically,  and  thio  io 
onbodied  in  tho  term  'peroeptual  otylo'.  The  aim  of  this  particular  otudy  woo  to  teot  tho  rolatlonohip 
betweon  target  acquisition  performance  and  EFf  scores,  tho  hypothesis  being  that  high  analytical  ability 
is  a  factor  contributing  to  good  acquisition  performance  and  it  follows  that  tho  variation  in  performance  may 
be  partly  duo  to  thio  factor.  The  choice  of  tho  Imbedded  Figureo  Teat  an  a  mooim  of  estimating  analytical 
ebility  wao  strongly  cupported  by  the  experimental  evldoncc  of  Barrett  and  Thornton,  and  by  the  foot  that  tho 
t-pik  wan  oiriilir  to  the  target  acquisition  situation,  ir.  that  in  both  cases  the  subject  io  required  to 
extract  information  from  a  complex  background. 

Correlations  between  coropooito  acquisition  performance,  potential  range  and  ueurch  time  moocurcD 
with  EFT  scores  failod  to  chow  any  clgnificant  relationship.  Similarly,  measures  of  experience  (age  and 
flying  hours)  did  riot  correlate  with  EFT  scores.  So, me  possible  reasons  for  thia  lack  of  correlation  will  be 
diotucsed  below.  Further  consideration  of  the  tarcet  acquisition  took  ana  the  ET  task  cuggout3  that  there 
may  bo  aifferonoes  between  the  two  which  make  tho  tanks  incompatible,  and  that  those  dil'foroncoc  wiak.cn  tho 
apparent  foco  validity  suggested  by  the  distribution  of  scores.  One  nain  difference  is  that  tho  tarcet 
acquisition  task,  in  tho  cine  simulation  nay  only  contain  n  small  proportion  of  tne  EFT  toaki  in  tho  cine 
simulation,  tho  target  acquisition  task  included  a  map-rouuing  exercise.  The  acquisition  of  the  target 
depended  on  tho  geograpnic  orientation  of  the  subject,  using  idon'.i flcation  points  on  tiio  track  along  which 
tne  aircraft  Dow  ur.d  with  tho  oxcoptiori  of  one  condition,  where  photographs  were  given  in  the  briefing,  tho 
subject  ii.-.j  r.o  knowledge  of  tno  target  ether  than  a  verbal  briofing.  It  ic  o'qrgestod  tnat  the  photobriefing 
condition  ir.  more  similar  to  the  EFT  took,  in  that  it  is  partly  a  pattern  recogjiition  took  where  the  oubject 


161 


BI5-5 


recognises  the  pattern  of  the  target  and  its  immediate  surroundings  from  the  briefing  photographs. 

Similarly,  a  point  of  difference  is  the  manner  in  whiuh  the  target  ie  embedded  In  its  background.  In  the 
Wltkin  test,  the  simple  'target'  figure  is  ’overlaid'  by  the  background  whereas  in  the  target  acquisition 
task,  the  target  is  a  sub-element  of  the  overall  pattern.  In  the  target  aoquiBltion  situation  the  target 
background  provides  meaningful  'cues'  for  detection  and  reco@-.ition  of  the  target,  whilat  in  the  Babeddod 
Figures  the  oackp’ound  is  designed  to  obscure  and  confuse  the  observer  by  detracting  from  the  target 
figure,  in  a  situation  where  both  target  and  background  are  meaningless.  Again  the  photobriefing  condition 
in  the  cine  simulation  is  similar  to  the  EFT  task.  It  was  found  in  the  briefing  experiment  that  performance 
on  the  photobriefing  condition  was  worse  then  for  the  other  threo  levelo  of  briefing.  This  is  explained  by 
the  nature  of  the  photographs  given  in  the  briefing.  Very  little  target  background  information  was 
available  to  provide  the  meaningful  'cues'  for  detection,  and  the  information  provided  was  too  specific  in 
that  the  subject  waited  until  he  could  positively  identify  the  target. 

Also,  the  target  acquisition  task  used  a  black-and-white  cine  almulation  whereas  the  EFT  task 
involves  finding  a  simple  figure  in  a  coloured  complex  figure.  Apart  from  the  different  colour  treatmonto 
the  tasks  differ  in  that  the  target  acquisition  task  was  csoontially  dynamic  (target  growing  in  size  and 
definition)  and  the  2.F.T.  task  static.  Although  each  of  the  task  differences  considered  independently 
may  have  little  sljpiiflcant  effect  on  the  uvorull  result,  the  combined  effects  may  well  have  contributed 
to  the  overall  lack  of  si gr.ificance . 

The  most  important  single  factor  is  the  insensitivity  of  the  test,  and  evidence  for  thie  cooes 
again  from  the  distribution  of  test  scores.  The  comparison  of  Witkin  and  BAC  data  supports  the  hypothesis 
that  the  BAC  subjects,  being  aircrew,  were  highly  selected  for  'field  independence ' ,  and  that  the  measures 
used  were  too  insensitive  to  diocriminatc  within  the  group.  Whether  the  'field  independence'  is  innate  and 
unlearned  or  whether  it  ie  the  result  of  training  is  debatable.  It  is  certainly  true  that  pilots  are  taught 
to  rely  on  visual  cues  and  ipiore  vestibular  oues  during  flight,  and  the  results  of  the  study  indicate  that 
they  can  successfully  resolve  ocnflict  between  tne  two.  On  the  other  hand,  investigation  of  flying 
exporlenco  and  EFT  scores  indicates  that  flying  experience  does  not  influence  EFT  scorea.  Again  this  may  be 
attributed  to  the  insensitivity  of  the  teet,  but  it  should  be  remembered  that  the  range  of  flying  hours  was 

from  440  -  5,000.  Another  factor  worthy  of  mention  is  the  hijji  rate  of  guessing  which  occurred.  This  is  due 

to  the  fact  that  only  eight  siraplo  target  figures  were  used  in  the  teat,  and  the  presentation  of  the  figures 
wan  such  that  only  cevcn  wore  presented  frequently.  The  remaining  figure  was  presented  once  towards  the 
end  of  the  teet.  Tne  subjects  succosefilly  anticipated  which  simple  figure  would  occur  during  ths  initial 
inspection  of  the  complex  figure,  add  this  may  have  Influenced  the  overall  results. 

?iue  pertic  ilar  study  was  vf  irrpjrbanee  in  that  because  no  correlations  were  found  betwoen  the 
teet  an d  the  acquit  its.  on  task,  the  precise  nature  of  the  test  was  examined  more  closaly. 

Despite  the  fact  ‘.nat  tl*  teet  was  appropriate  on  the  basis  of  the  threa  criteria  discussed  earlier, 
the  loon  of  correlation  was  almost  significant  in  itself.  The  trend  towards  negative  correlations  with 
sotrch  time  was  notable.  It  ie  interesting  to  speoulato  whether,  at  this  extreme  end  of  the  continuum,  the 
aud jo c to  performance  on  the  acquisition  task  is  not  estimated  by  tho  EFT  test  due  to  some  other  factor,  such 
or.  motivation,  nr  arew.  il  levol.  All  the  eubjeoto  who  took  part  in  the  test  were  aware  that  their  responses 
wore  being  tlmod,  and  were  motivated  to  do  well  on  the  teet.  It  may  be  possible  that,  at  this  end  of  the 
continuum,  any  fine  discrimination  mado  by  tho  tost  could  bemackedby  the  st-ongcr  factor  of  motivation. 

The  main  iinding  of  this  study,  i.e.  test  insonsitivity,  would  also  explain  why  tests  used  in  tho 

past  have  been  unsuccessful  In  estimating  factors  contributing  to  individual  variation  in  results.  As 
previously  mentioned,  the  testa  uaod  have  generally  been  a  standard  intelligence  or  personality  teet.  In 
thoeo  studies  where  aircrew  or  Are-'  personnel  have  '  n  subjects,  it  l.e  very  probable  that  the  subjects  are 
already  highly  sslectod  by  virtue  of  the  nature  of  their  occupations.  Army  and  Airforce  selection  centres  uso 
psychological  tests  as  an  aid  to  their  selection  procedure.  It  is  easy  to  Imagine  some  sort  of  threshold 
effect  operating  ouch  that  above  a  oertain  level,  differences  in,  for  example,  IQ  scores  will  not  bo  reflected 
in  acquioitlon  taake.  Similarly  with  personality  testing  the  extreme  scores  are  already  eliminated  from  the 
population  sample.  Thane  .'-onsidoratione  have  serious  implications  for  future  psyohologloal  testing.  Hot  only 
must  tho  choice  of  tests  bo  baaed  on  the  nature  of  the  Individual  differences  we  wish  to  investigate  and  tho 
appropriatoneso  of  the  tost,  but,  it  appears  that  full  appreciation  of  the  test  components  and  tho  population 
oamplo  ie  re  .-utred.  Vlithtn  '.he  context  of  target  acquisition  this  can  bs  achieved  by  the  development  of  a 
comprehensive  theoretical  framework.  This  would  involvo  the  detailed  consideration  of  hot.,  plysiologioad 
and  psychological  variables  and  their  Interaction,  and  the  evaluation  of  standard  tests  to  assess  their 
applicability  and  sensitivity. 
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GENERAL  DISCUSSION 


Dr  Huddleston  (UK) 

Apart  from  Dr  Frick's  analytical  description,  the  foregoing  papers  have  in  part  tried  to  mention  the 
vexing  topic  of  inter-observer  differences.  Could  we  uaefully  concentrate  our  final  open  discussion  on 
that  i jsue ?  It  seems  to  me  inescapable  that  a  prediction  from  group  mean  data  alone  is  unlikely  to  match 
operational  performance  with  its  likely  emphasis  on  surprise,  first-pass  effectiveness,  and  so  forth. 

Mr  Clement  (Belgium) 

I  would  like  to  make  a  comn*nt  on  the  correlation  between  target  acquisition  performance  by  an 
operator  and  his  later  rating  in  an  aircrew  school  or  flying  career.  There  is  a  test  (from  Holland)  where 
the  subject  is  askeo  to  spot  groups  of  4  points  within  a  row  of  other  groups  comprising  3  or  5  points. 

This  is  a  matter  of  recognition.  We  ran  this  test,  among  ethers,  with  400  to  500  pilot  applicants,  and 
compared  scores  with  pilot  course  success  or  failure.  There  is  a  correlation;  but  it  disappears  com- 
pletely  in  a  discriminant  analysis  taking  account  of  other  tests  in  other  fields.  I  would  say  target 
perception  was  a  general  psychological  property,  which  can  be  tested  by  quite  dissimilar  means,  but 
detecting  it  as  an  ability  in  early  applicants  does  not  predict  later  career. 

Mr  Silverthorn  (UK) 

We’re  not  normally  able  to  follow  up  the  career  developments  of  our  test  subjects.  By  purest  chance 
I  heard  of  one  case,  where  an  Ariiy  candidate  in  training  failed  both  the  Uitkin  Enbedded  Figures  Test  and 
the  air  gunner  course  he  was  on.  Ail  Army-Air  Force  difference  in  our  teat  results  could  be  due  to  RAF 
pilot  candidates  being  compared  with  Army  pilot,  air  gunner  and  other  trades,  and  so  our  data  do  not  allow 
valid  comparisons. 

Mr  Ericson  (US) 

Would  you  cooxnent  on  the  skills  required  in  preparing  the  briefing  diagrams  in  the  context  of  making 
that  technique  available  operationally  rather  chan  only  on  an  experimental  basis? 

Miss  Parkes  (UK) 

We  looked  at  2  techniques,  a  freehand  une  and  a  diagraaoat ic  one.  The  freehand  technique  requires  a 
certain  minimum  level  of  artistic  skill,  and  as  such  it's  really  probably  not  so  appropriate.  The  dia¬ 
grammatic  technique  requires  really  no  artistic  skill  at  all,  but  a  minimum  technical  skill  in  plotting 
coordinates  from  s  plan  view  grid  to  a  perspective  grid.  This  latter  would  iend  itself  well  to  automatic 
methods  of  plotting.  In  our  experiments  we  have  found  no  difference  in  briefing  effectiveness  between 
these  two  methods. 

Mr  Corkindale  (UK) 

We've  heard  a  fair  amount  of  data  described  in  what  1  would  term  conventional  threshold  form.  We 
haven't  heard  a  great  deal  of  data  presented  in  signal  detection  form.  The  point  I  want  to  make,  follow¬ 
ing  on  an  earlier  reference,  is  that  aircrew  subjects  do  not  like  to  look  foolish  in  public,  a  thing 
which  they  often  see  themselves  doing  in  the  test  situation.  Very  often  one  notices  differences  between 
subjects  not  in  a  narrow  psychological-cognitive  sense  but  in  their  willingness  to  give  an  answer  when 
they  are  free  to  continue  to  inspect  the  situation. 

Very  often  in  simulator  trials,  long  before  the  subject  gives  an  answer,  he  is  inspecting  one  small 
part  of  the  test  field  very  closely  because  that's  where  he  believes  the  target  is.  But  he  won't  say  so. 
He  wants  a  greater  or  lesser  amount  of  confirmation.  Perhaps  this  confidence  factor  distinguishes  sub¬ 
jects  more  than  visual  characteristics  or  general  psychological  attributes  do.  After  all,  subjects  are 
generally  screened  as  to  vision,  and  often,  aircrew  in  particular,  as  to  general  psychological  character¬ 
istics.  Aircrew  are  in  these  two  respects  a  fairly  homogenous  population.  Is  there  work  looking  with 
this  sort  of  signal  detection  approach  in  rather  more  detail  than  I've  mentioned? 

Mr  Silverthorn  (UK) 

This  kind  of  research  is  very  much  limited  by  finance,  and  I  know  of  no  studies  on  any  current  pro¬ 
grams  of  work.  While  I  agree  with  your  cotanents,  it  would  be  difficult  to  add  a  suitable  investigation 
into  an  existing  one  without  noticing.  The  likely  payoff  seems  to  me  to  be  justifiable  financially, 
though. 

Mr  Corkindale  (UK) 

I  know  it's  very  convenient  to  handle  a  simple  figure,  say  a  50Z  or  90X  threshold,  bul  I  have  the 
impression  roost  researchers  no  longer  believe  in  simple  numerical  thresholds  of  that  kind.  Is  it,  how¬ 
ever,  a  history  of  convenience  too  that  keeps  threshold  data  in  mathematical  models?  When  I've  tried  to 
persuade  mathematicians  to  take  an  interest  in  signal  detection  calculations,  their  objections  have  not 
been  theoretical  but  straightforwardly  practical  ones. 

Mr  Overington  (UK) 

One  objective  of  tny  modelling  has  always  been  to  tit  threshold  data  on  to  signal  detection  theory. 
There  is  a  current  convention,  however,  to  make  operational  use  of  the  outputs  of  a  model  which  give 
threshold  and  f requency-of-seeing  numbers.  But  I  believe  that  subject  confidence,  viewed  at  the  neural 
level,  aight  well  be  a  signal-to-noise  ratio  effect,  where  different  observers  wait  for  different  ratios 
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or  achieve  similar  results  at  different  rates  before  coming  to  a  decision. 

Miss  Parkas  (UK) 

We  have  Attempted  to  erasure  observers'  confidence  levels  after  they  h..ve  made  a  positive  identifi¬ 
cation.  Unfortunately  for  our  efforts,  experienced  aircrew  weren't  prepared  to  make  decisions  at  any¬ 
thing  leas  than  "100X  confident".  This  confirms  Dr  Greening's  original  comment  on  the  topic.  Unskilled 
subjects,  on  the  other  hand,  would  make  decisions  at  lower  confidence  levels.  For  these  latter  ve  have, 
on  occasion,  found  good  correlations  between  cixifidencc  level  and  actual  performance. 

Dr  Huddles  on  (UK) 

l  be  :  >ve  Professor  Howarth  ac  Nottingham  University  has  had  some  success  in  changing  student 
observer  riteria  by  carefully  worded  instructions  accompanied  by  same  verbal  bullying.  Aircrew  with 
experieuce,  however,  generally  know  better  than  the  experimenter  whether  a  real  target  is  present  or  not. 
and  their  criteria  should  be  much  more  resistive  to  this  kind  of  simple  verbal  assault. 

Nr  Overingcon  (UK) 

Surely  if  the  literal  100Z  confidence  criterion  were  applied  by  aircrew  you  woulo  find  an  exactly 
rectangular  f requency-of-seeing  curve?  Some  variation  at  least  between  99Z  and  100Z  must  be  present. 

Miss  Parkes  (UK) 

We  didn't  allow  our  pilots  a  complete  continuum  from  OZ  to  100Z  confident.  They  had  the  choice  of 
100Z,  90T,  and,  I  think,  7SZ  and  50Z;  certainly  only  two  values  below  the  90Z  confidence  level. 

Dr  Frick  (US) 

I  really  represent  a  user  of  acquisition  models  rather  than  a  developer,  and  1  tried  in  my  paper  to 
show  how  a  model  could  be  applied,  taking  into  account  ocher  issues  such  as  aircraft  performance.  Talk¬ 
ing  to  other  users,  and  thinking  about  my  own  work,  1  am  struck  by  the  number  of  variables  and  assump¬ 
tions  in  models,  which  make  it  most  difficult  to  know  just  whtt  model  form  to  use.  For  one  thing,  the 
random  variable  in  these  models  changes  from  one  piece  of  work  to  another.  Sometimes  this  variable  is 
slant  range,  sometimes  time-in-view,  and  there  are  many  others.  A  system  analyst's  problem  is  often  one 
of  translating  a  model  from  one  form  to  some  other  which  fits  the  problem  at  hand. 

Dr  Huddleston  (UK) 

if  I  had  to  sumaarize,  I  would  have  to  plead  that  our  deliberations  at  this  symposium  had  not 
covered  all  the  target  acquisition  topic,  and  assert  that  no  easy  summary  was  in  any  case  achievable. 

I  remain  impressed  by  Che  relative  precision  with  which  the  important  physical  parameters  can  be 
defined  and  measured,  that  is  the  light  path  from  target  to  eye,  and  the  relative  tenuousneas  and 
unapproachability  of  matters  biological,  that  is  the  information  chain  from  eye  via  brain  to  motor  act. 
While  agreeing  that  the  physical  problem  is  complex  and  very  demanding  of  sustained  effort,  the  biologi¬ 
cal  one  has  in  ray  view  to  be  set  apart  as  not  yet  completely  amenable  to  sufficiently  elegant  methods. 

Individual  operator  differences  stand  squarely  at  the  top  of  my  personal  scale  for  experimental 
nausea,  irritability  and  confusion.  They  seem,  oi  all  facets  present,  to  introduce  most  noiBe  into  any 
predictive  model  and  to  be  least  usefully  disscussible  in  public.  Ignorance  of  the  operator  in  general 
and  in  particular  is  moat  likely  to  cheat  the  exact  application  of  a  given  acquisition  model.  Physics 
generally  fails  our  practical  needs  because  of  bad  measurement;  biology  leaves  us  with  little  intelligent 
to  say. 

Empirical  modelling  is  attempted  and  proves  useful  precisely  because  specific  underlying  factors 
defeat  our  understanding  before  measurement  can  even  be  attempted.  Psychophysical  data  are  embarrassingly 
specific  to  the  context  of  their  measurement.  To  give  one  isolated  example,  one's  conclusions  on  an 
observer's  colour  vision  depend  heavily  on  vhich  test  pigments  or  test  lights  are  utilised,  and  the  value 
of  normal  colour  vision  is  in  any  case  unproven  for  the  target  acquisition  task.  Physical  data  coalesce 
nicely  into  encouraging  ideas  such  as  the  existence  of  the  solar  system,  into  which  co..ccpt  hundred-  cf 
thousands  of  measurements  collapse  neatly.  Newton's  early  foroularioni  perhaps  rid  the  world  of  any  need 
to  observe  the  fall  of  every  apple,  but  in  biological  matters  we  can  still  be  intellectually  defeated 
by  a  single  everyday  event.  This  is  certainly  descriptive  of  our  current  understanding  of  air-to-ground 
target  acquisition  by  human  vision. 
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